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PREFACE. 



The present work is based on the results of a large 
number of experiments, which were carried out by 
us about three years ago, with the object to discover 
the true principle of the resistance of rock to a blast, 
respecting which further researches were necessary 
in consequence of the rules and formulae usually met 
with in works on rock blasting proving to be very 
erroneous when applied to the ordinary blasting 
operations of mining, tunnelling, &c. 

This work is, therefore, an attempt to supply 
the need of a correct theory, with reliable rules and 
formulae for the necessary calculations, the informa- 
tion on explosives, fuses, &c., being added to make 
the work complete in itself. The correctness of the 
rules and formulae is demonstrated by the results 
of a series of blasting experiments, and by the 
theory on which they are based being quite in 
accord with true mechanical principles. 
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It is a remarkable fact that the theories of rock 
blasting which have been generally adopted, do not 
take into account the influence of the form of the 
chamber employed, seeing that the initial force of 
the blast, and the resistance of the rock will largely 
depend thereon for any direction of the line of 
resistance. 

The methods by which the rules 'and formulae 
were deduced are fully explained, and examples of all 
the more important calculations are given to assist 
the engineer to deal with any question that may 
arise in practice, especial attention being directed to 
how the greatest economy may be attained in the 
boring of holes and consumption of explosive. 

The subject may be appropriately divided into 
two parts, viz. (i) the principles and their general 
application, and (2) appliances for drilling the shot- 
holes, and methods of blasting in mines, quarries, 
tunnels and subaqueous operations. We have there- 
fore treated it under these headings, this volume 
comprising the first part, whereas the second part 
will be published in a second volume which is in 
preparation. 

Valuable practical information is given on the 
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most useful and economical explosives, and on de- 
tonators, electric fuses and electric exploders, for 
which we have much pleasure in acknowledging 
our obligations to Messrs. Nobel's Explosives Co., 
Limited ; Messrs. The Cotton Powder Co. ; 
Messrs. Curtis and Harvey ; and Messrs. Siemens 
Bros, and Co., Limited. We are also greatly in- 
debted to Messrs. Bickford, Smith and Co. for 
information respecting their fuses. 

The information on electric blasting agrees with 
the results obtained in our experience, and will, we 
believe, be found very useful. 

A number of Tables are added to facilitate the 
calculations. 

The present volume, though only the first in- 
stalment of the work, is complete in itself, and we 
believe it will be found to give the essential infor- 
mation for carrying out economical and systematic 
blasting operations. To render it more useful an 
Index is added which has been carefully prepared. 

It will be a source of great pleasure and satis- 
faction to us if we have accomplished the purposes 
for which this work was undertaken, namely, to 
give the Engineer, Miner and Quarryman a correct 
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theory of rock blasting as well as a useful counsellor 
in questions of application ; to the teacher of the 
science a serviceable text-book for instruction ; and 
to the student of mining and quarrying a welcome 
aid in the study of blasting. 

Albert W. Daw, 
Zacharias W, Daw. 
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THEIR GENERAL APPLICATION. 



CHAPTER I. 

PRELIMINARY REMARKS. 

1. Rock Blasting is the science of splitting or 
loosening rock by means of explosives applied in 
holes or chambers in the rock. 

2. Failure of previous Rules for Rock Blasting. 
Many books have been written on the science for the 
guidance of the practical man, but it may be said 
that they all fail to give the most essential informa- 
tion for the determination of the size and position 
of the chambers and weight of charge. With re- 
gard thereto, Mr. George F. Harris, F.G.S., in his 
work on * Granite and our Granite Industries,' says : 

** In reading works on the subject one frequently 
sees a great deal about rules for determining the 
quantity of powder to be used in blasting, direction 
of the holes, &c., which theoretically are all very 



2 THE PRINCIPLES OF ROCK BLASTING 

well ; but the most of them in practice will not work. 
They nearly all assume that the rock to be blasted 
is a firm solid body without any cracks, &c., whilst 
the peculiar conditions in which holes would have 
to be bored to follow out the rules would waste too 
much time, and cost too much money to be of real 
advantage. As a matter of fact, before a hole is 
bored for the blast, a good quarrymaster looks at 
the block to be removed, and endeavours to find all 
cracks and joints. He then sees whether the mass 
has to be blown up the bed or against it, and 
observes the manner in which it may be wedged in 
by other blocks. After mature consideration he 
instructs the men under him to bore the hole, and 
estimates the quantity of powder to be used, not by 
the depth of the hole, but by judging the amount of 
force required to move the block. Experience has 
taught him how to do this." 

Now, the quarryman's experience is the ascer- 
tained result of series of trials and experiments ; that 
is to say, he knows approximately the best position 
and size of hole, and the quantity of explosive 
required for a given blast, from the results of simi- 
lar shots, without, perhaps, much knowledge of 
the fundamental principles governing the different 
conditions which obtain in blasting, but which, if 
understood by him, should enable him to attain still 
greater economy in his work. 

Such, then, being the result of experience, it 
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becomes most important to study the principles 
involved more carefully in order to ascertain wherein 
the cause of the erroneous results consists. In'the 
present work, therefore, rules or formulae are worked 
out on well-known mechanical principles so as to be 
applicable to all the varied conditions of the rock 
and charge, and by means of which any question as 
to the size and position of chamber and quantity of 
charge to be employed may be answered ; whilst the 
causes of the failure of the rules given in works on 
the subject are amply demonstrated. A great deal 
of useful information is also given regarding explo- 
sives and fuses, and the operations of rock blasting. 

3. The Operations of Rock Blasting consist (i) 
in boring, mining or excavating suitable holes or 
chambers in the rock to be blasted ; (2) in insert- 
ing a charge of some explosive compound therein ; 
(3) in filling up the whole or part of the remaining 
portion of the hole with suitable material; (4) in 
igniting or detonating the charge to cause its ex- 
plosion. The second operation is called charging, 
the third tamping, and the fourth firing. 

4. Effect of a Blast. — By the explosion of the 
charge there is a sudden development of gas of 
high tension, which exerts a great pressure or shock 
upon the walls of the chamber, and if such pressure 
or shock is greater than the resistance of the rock 
to rupture, the rock is loosened or projected accord- 
ing to the strength of the charge. 

B 2 
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5. Conditions that influence a Blast. — From ex- 
perience and theoretical considerations we learn that 
the effect of a blast may be influenced by — 

(a) The shape in which the rock is presented, or 
the size and number of free faces. 

{b) The tenacity or cohesive strength of the rock. 

(c) The structure of the rock as to whether it is 
laminated, stratified orfissured, and the posi- 
tion, direction and number of the joints. 

{d) The strength and nature of the explosive 
compound. 

{i) The size and form of the chamber. 
(/") The character of the fuse, and tamping. 

i^g) The thermal conductivity of the rock. 

{Ji) Whether the blast is to act alone or simul- 
taneously with or following others. 

{i) The angle of the line of resistance with the 
horizon. 

(/) The specific gravity of the rock. 

6. Form of Cavity produced in Homogeneous 
Rock. — In Fig. I, the crater abc represents the 
general form of cavity produced by the action of a 
blast at a point b in homogeneous rock when there is 
only one free face a c, the angle ab c varying gene- 
rally between the limits 90°-! 20°, according to the 
structure of the rock and strength of charge em- 
ployed. The form of the cavity, as will be explained 
further on, depends on the form of the chamber, or 
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the projection of its pressure surface at right angles to 
the line of resistance. For instance, if this is circular 
the crater formed by the blast will be the frustum 
of a cone ; and if a square, the frustum of a pyramid 
— that is, if not modified by any irregularities (joints 
or fissures) in the structure of the rock, or there 
being more than one free face. A free face is the 
exposed surface of any one side of a mass of rock. 

7. Qtiarrying of Rock. — Experience shows that 
rock is most economically and conveniently mined 

^^. 

if f H4 

a c 

Fig. I. 

or quarried in steps or benches with straight and 
vertical walls, and that the height of such steps de- 
pends on the depth and diameter adopted for the 
boreholes. 

8. Formula for Determination of Charge. — Ac- 
cording to works on rock blasting, the calculation of 
the charge required at by Fig. i, for a line of resist- 
ance W should be made according to the following 
formula : — 

L = C W^ 
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in which L represents the weight of charge, W the 
shortest distance from the charge to the free face, 
and C the charging coefficient. A necessary condi- 
tion, however, for the application of this formula is 
that the chamber be properly proportioned to the 
resistance of the rock. 

9. Previous Theories of Rock Blasting. — As the 
basis for the above formula, the following theories 
are given by Andr^e and Guttmann : — 

{a) " As homogeneous matter varies as the cube 
of any similar line between them, charges 
of explosive capable of producing the same 
effects are to each other as the cubes of 
the line of least resistance." — AndrSe. 
(b) ** When a charge is concentrated at a mathe- 
matical point in the centre of an unlimited 
and easily compressible mass its conversion 
into gas by firing will enlarge the space 
originally occupied by the explosive into a 
spherical cavity, and hence it follows that 
the quantity of a concentrated charge has 
a direct ratio to the sphere affected by the 
explosion ; or as spheres vary as the third 
power of their ratio, and the line of least 
resistance in rock may be taken as pro- 
portional to the radius of explosion, it 
therefore follows that the charge, under 
like conditions, will vary as the third power 
of the line of least resistance. 
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'* Extended charges may be considered as an 
interrupted series of concentrated charges 
each of which will have its own sphere of 
action, and as these spheres intersect and 
reinforce one another the cavity produced 
by their continued action will be ellip- 
soidal, the mutual reinforcement being 
greatest at the centre of the charge." — 
Oscar Guttmann. 
10. Objections to the above Theories. — With re- 
gard to these theories, there appear at once the fol- 
lowing three serious objections to them : First, they 
do not take into account the cohesive strength or 
principal resistance of most rocks ; secondly, they 
entirely neglect the influence of the size and form 
of the chamber on which the initial force of the 
explosive and the resistance of the rock to rupture 
depend ; and thirdly, they ignore the fact that the 
resistance due to the mass is affected by the direction 
of rupture ; for if from above downward the weight 
of the mass will be a force assisting rupture, and 
the reverse if from below upwards, or when directly 
opposed to gravity. Excepting, therefore, as stating 
a single relation of the charge to the resistance, 
which is true under special conditions, these theories 
may be said to be totally misleading. 
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CHAPTER II. 

ON THE RESISTANCES IN ROCK BLASTING. 

1 1. There are the following three distinct resist- 
ances to a blast : — 

{d) A resistance due to the cohesion of the rock. 
{b) A resistance due to the mass or weight of the 

rock. 
{c) A resistance due to the hanging of the rock 

loosened by the blast along the lines of 

fracture. 

1 2. Infiuence of Mode of Application of Force. — 
The force required to produce rupture of a given 
section of rock, as, for instance, the section abc 
(Fig. i), will depend on the mode of application of 
the force, as, according to the laws of mechanics, 
rupture will take place by shearing when the points 
of application of the force coincide with the surface 
of separation, and, on the contrary, by flexure when 
the arm of the force is of sufficient length to allow of 
a bending of the mass, and the force is not very 
suddenly applied. 

13. Force of an Explosion in a Chamber conducive 
to Rupture by Shearing. — If we suppose Figs. 2 and 
3 to represent the section of a mass of rock with a 
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free face A B, and to contain a short cylindrical 
chamber C D, having a charge filling the chamber, 
and such charge to be exploded, the gases thereby 







Fig. 2. 






'/di^^->-i''; ' ^ 






Fig. 3. 



generated will develop a number of equal forces P 
acting on each unit of the surface of the chamber, 
and each on the side of the free face A B, tending to 
rupture the rock in the direction of the free face 
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A B, whereas the pressure of the gases on the other 
sides are neutralised by the resistance of the rock. 
The centre of pressure of these forces is the circular 
line abc (Fig. 3), whose radius is two-thirds of the 
radius of the chamber C D/ one-third of which may 
be taken as the arm of the force; as experience shows 
that the line of fracture produced by a blast in homo- 
geneous and compact rock, when there is only one 
free face, invariably commences at the limit of the 
surface on which the gaseous pressure is exerted. 
The arm of the total force acting on the centre of 
pressure is, therefore, very short for rupture by 
flexure, and as it is still shorter for any other form 
of chamber offering the same pressure area to the 
gases, the conditions are evidently more favourable 
for rupture by shearing than by flexure, the shearing 
action of the force being also promoted by its sudden 
application and the inelastic nature of rock. 

14. Force required to produce Rupture by Shear- 
ing. — According to the laws of mechanics, if rupture 
takes place by shearing and S denotes the periphery 
of the chamber, W the line of resistance, and Ki 
the modulus of shearing, we can put for the force P 
required to produce rupture 

P = SWKi. 

15. Experiments on Resistance of Ice to Rup- 
ture. — The formula P = S W Ki might be verified 
by bursting specimens of homogeneous rock by 
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mechanical means ; but as we may assume that the 
laws governing the resistance of one inelastic body 
are the same as for another, it is advantageous to 
substitute ice for this purpose, as it is homogene- 
ous and easily worked into any desired form. In 
accordance with this view, we have experimented 
with ice with the mean results tabulated below. 
Blocks varying from 4 to 8 inches thick were taken 







Fio. 4. 



for the experiments, which were carried out with the 
apparatus illustrated in Fig. 4. 

In Fig. 4, A B C is a steel lever of the second 
kind, pivoted at C to the bracket K, and having a 
scale G, a steel bar F working in the guide H for 
transmitting pressure to the block of ice R, this 
arrangement being adopted to ensure a perpendicu- 
lar pressure being kept on the block at L ; M N the 
free face, and W the thickness of ice ruptured. 
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The size of the bar at L, thickness of ice ruptured, 
and size and form of the free face were varied as 
given in the table. The weight due to the lever 
was determined by weighing and calculation. 

In the experiments very homogeneous ice with- 
out any apparent flaws was used, and every care was 
taken to insure the proper working of the testing 
apparatus, and that the means of measuring the 
force exerted in producing rupture was correct. 
During the experiments the temperature varied 
between + 2° and - 5° Celsius, which may have af- 
fected the relative accuracy of the results slightly, 
but we think to a much smaller extent than any 
difference in the structure of the ice itself. 

The very satisfactory agreement between the 
results obtained for the modulus of rupture Ki, 
found by dividing the pressure required to produce 
rupture by the product of the thickness of ice rup- 
tured and periphery of the pressure surface, estab- 
lishes, we think, beyond question the theory that 
rupture takes place by shearing, as the slight dis- 
crepancies in the results may be taken as due to 
irregularities in the structure and cohesiye strength 
of the ice used for the experiments, and inaccu- 
racies due to faulty arrangement, friction, &c., of the 
apparatus. Further experiments are necessary to 
ascertain the influence of the angle of fracture, 
which seems to affect the resistance to rupture 
slightly. In rock, the angle of fracture is affected 
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by the greater facility with which it cleaves in one 
direction than in another. The weight of the 
ice ruptured is evidently very small, and may be 
neglected. 

Calling the thicknesses of ice burst W, Wi, 
Wa, W3, . . . Wn, the bursting pressures P, Pi, Pa, 
P3, . . . Pn, and the peripheries of the pressure 
surfaces, S, Si, Sa, Sg, . . . Sn, we have, according 
to the above table, very nearly 

P ^Pl_^ _Pa P3 Pn .r 

SxW"SixWi"'SaxWa""S3xW3"S„xWn"^ 

which agrees with the formula for shearing. 

16. Similarity between Cavities produced by 
Sudden and Gradual Application of Force. — An 
important point to note in connection with these 
experiments is that the form of cavity produced by 
the application of gradual pressure is similar to that 
obtained by blasting in rock under similar conditions 
of free face and pressure surface, it being influenced 
in both cases by the form of the pressure surface at 
right angles to the direction of rupture ; for instance, 
in homogeneous rock with one free face, a concen- 
trated charge will produce a conical cavity, and an 
extended one an elongated trough. 

17. Force required to overcome the Cohesive 
Resistance of Rock when there is one or more Free 
Faces. — In Figs. 5 and 6, plan and section, let M, 
Ml, Ni, N, represent the surface acted upon by a 
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blast in homogeneous rock ; then, if A B is a free face 
parallel thereto, M, M„ N, N„ E, Ej, F, Fj, will be 







/^ 
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the limits of the rock loosened, if the area of the 
surface M, Mi, N, Ni, and the line of resistance W 
are properly proportioned to the strength of the 
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explosive. (It should be remarked that the comers at 

E, El, F, Fi, will form a more or less irregular curve 
instead of right angles, as shown in the plan.) If 
we denote the periphery of the chamber M, Mi, 
N, Ni, by S, the forces producing rupture by P, and 
distance between the chamber and the free face 
A B by W, it is evident from the foregoing that 
the relations of these quantities will be expressed by 
the formula P = SxWxKi. If there are two 
free faces, as in the case of a lateral free face along 

F, Fi, Fig. 5, perpendicular to the free face A B, as 
shown by the dotted line C D in Fig. 6, the formula 
P = S X W X Ki will also obtain if we so regulate 
the distance of the chamber M, Mi, N, Ni, from the 
free face C D, that the force required to produce 
rupture on the side C D is approximately equal to 
the force required to produce rupture on each of the 
sides E, Ei, E, F, and Ei, Fi. 

It may happen that such equilibrium of the 
resistance of the rock on each side of the chamber 
exists when the free face C D coincides with the 
limit of fracture F, Fi, on the free face A B. The 
influence of the free face C D in this case causes the 
detachment of the section of rock N y D, with the 
mass E M N F (Fig. 6), If there be free faces along 
the other limiting lines of fracture E Ei, E F, or 
El Fi, parallel to the line of least resistance, the rock 
will be similarly fractured on each of these sides, 
as explained for the case of a free side along the 
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limiting line of fracture F Fi. Therefore, for the 
same chamber in a projecting mass of rock with five 
free faces as represented in Figs. 7 and 8, if the line 
of resistance W is proportioned as above described, 
and the distances M yi, N y,, N yi, and Ni ya, are not 







FiO. 7. 



Fro. 8. 



greater than W, the mass will be ruptured along the 
section y^ y^, instead of the lines E M N F. 

Another case is that of a block of rock detached 
on all sides as in the case of a freestone (Fig. 9), in 
which the sides E E^, Ei Fi, F Fi and E F cor- 
respond to the limiting lines of fracture in the cases 
before mentioned ; hence the product of the line of 
least resistance and the periphery of the chamber 

c 
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is also a measure of the resistance to rupture when 
there are six free faces. 

The formula P = SxWxKiis therefore appli- 
cable to any number of free faces on the principle 
that the position of the charging chamber should be 




Fig. 9. 

so adjusted that there is equilibrium of resistance on 
all sides of the line of resistance to rupture. 

18. The Resistances to Rupture and Shearing 
may be equalised. — It is important to note that, 
owing to the inelastic nature of rock and the sudden 
application of the force, equal tension is produced in 
the rock, parallel to the line of resistance for any 
section that may be blasted, and that the resistance 
to rupture of the cross section y^y^ (Fig. 7) may 
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be equal to the resistance to shearing under certain 
conditions which will be explained in the context. 
Assuming the rock to be absolutely inelastic, it is 
evident that we may put 

R = FK 

for the resistance of such cross section if F represent 
the area of the same and K the modulus of rupture 
of the rock ; and that we shall have F K = S W Ki 
when R is equal to the resistance to shearing. 

19. The Section of Rock which may be ruptured 
is proportional to Periphery of Chamber for a given 
Line of Resistance. — For a given line of resistance 
W, if the periphery of the chamber M N be S, the 
force required to produce rupture by shearing is 

P = SWKi; 

and if the periphery of projection of the chamber be 
Si, the force Pi required to produce rupture is 



consequently, 



Pi = SiWKi; 
Pi -Si 

p ""s • 



But as the force P is capable of breaking a cross 
section F = C S W, and therefore a force Pi a cross 
section Fi = C Si W, C being a coefficient, 

Pl-?i-Si 
P " F ~ S • 

c 2 
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20. Economy of Low Explosives. — Hence it is 
clear that in homogeneous rock for any given line of 
resistance, the section of rock which a blast of any 
given strength will break is directly proportional to 
the periphery of projection of the charging chamber 
at right angles to the line of resistance. It is owing 
to this condition that the low explosives are some- 
times employed in rock having comparatively small 
cohesive strength, or in the case of a mass of rock 
bounded laterally by free faces or joints, with greater 
economy than the high explosives. For instance, if 
the projecting mass of rock (Figs. 7 and 8) has a 
short line of resistance for the section y^y^y then 
the proper charge of very strong explosive corre- 
sponding to such line of resistance applied at the 
centre of the mass would only break a conical cavity 
in the centre of the same ; whilst an equally powerful 
charge of a weaker explosive, requiring a larger 
chamber and having consequently a longer peri- 
phery, would break down the whole mass. 

21. Resistance of the Mass after Rupture, — After 
the rock is ruptured by the explosion of a charge 
applied in a suitable chamber therein, the gases 
produced will expand and enter the cracks and 
fissures formed in the rock, and the force of the 
blast will depend on the new surfaces resisting the 
free vent of the gases to the atmosphere, and 
the quantity of gases developed, or the weight of 
the charge. The resistance, on the contrary, will 
depend on the volume and specific gravity of the 
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rock to be moved, as also on the direction of move- 
ment ; for, accordingly as the mass is moved from 
above downwards or from below upwards, the 
weight of the mass will be a force assisting or 
resisting the action of the blast, as in the one case 
the weight tends to assist, and in the other to resist 
the blast, such resistance varying as the sine of the 
angle of direction of movement with the horizon. 

22. Resistance of the Muss or Weight of Rock 
blasted at any Angle to the Horizon. — In case the 
direction of the blast is upwards, we have to con- 
sider not only the resistance of cohesion but also 
that of the mass or weight of rock to be blasted, 
which is proportional to the product of its weight 
and the sine of the angle of movement to the 
horizon. The weight of the rock being G, and 
the angle of movement above the horizon a, we 

h^ve ^ ^ . 

R = G sm a. 

If the direction of the angle a is below the 
horizon, the resistance R is turned into a force P, 
tending to produce rupture, and P = G sin a. 

Therefore, for a' weight of rock G, and angles 
a and b of direction of blast above the horizon, the 
relation of the corresponding resistances R and Rj 
(neglecting the resistance of cohesion) is 

R : Ri : : G sin a : G sin b, 

Ri ^ sin b 
R sm a 
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23. Resistance of the Friction and Hanging of 
the Rock along the Line of Rupture. — If there be 
friction and hanging of the mass of rock after 
rupture along the lines of fracture, and these resist- 
ances be taken as proportional to the mass of rock 
to be moved, and represented by a coefficient B, we 
have 

R : Ri : : G (B + sin ^) : G (B + sin b\ 

whence 

^1 _ G (B + sin b) _ B + sin 3 
R "" G (B + sin ^) ■" B + sin « 

For instance, if 50 per cent, more explosive were 
required for a vertical than for a horizontal blast (the 
quantity will depend on the effect to be produced), 

we shall have w = i^ sin 3 = i and sin ^ = o, and 

consequently 

— = — = i^, whence B = 2. 

Substituting this value of B in the above formula 
we get 

Ri _ 2 + sin ^ 
R "" 2 + sin ^ 

If, then, we make R = the resistance for a hori- 
zontal blast sin ^ = o, and 

Ri 2 -(- sin 3 , sin b 
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Calling the charges which will overcome the 
resistances R and Ri, L and Li, we have 

Li _ sin b 

or 

sin b\ 



L. = (.+5!^')L. 



If only 25 per cent, more explosive were required 
to give the desired effect we should have 

sin b\ 



L. = (,+5a.')L 



4 ^ 

And in general, when -th more explosive is 
required for a vertical than a horizontal blast, 

sin b\ 



l. = (.h.^Ol^ 



or, as L = C, W* (Chapter III.), we have in general 



sin b\ 



L. = (.H.^)C. 



W 



24. Combined Resistance of the Weight and 
Cohesion of Rock, — When the resistance of the 
weight of the rock as well as the cohesive resistance 
of the same has to be considered in calculating the 
size and form of the chamber which, when filled 
with explosive, will overcome the total resistance to 
rupture, this is expressed by 

R = (S X W X K,) + G sin a. 
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S being the periphery of the chamber, W the line of 
resistance, Ki the modulus of shearing of the rock, 
G the weight of the mass fractured, and a the angle 
of direction of the blast to the horizon. 

Consequently, for any other values of these 
quantities we can put 

Ri = (Si X Wi X Ki) + Gi sin a^. 

But the resistances R and Ri are proportional to 
the areas of projections of the chambers at right 
angles to the line of resistance, and therefore 

R. A. (S.xWO + g^ 

R A .^ -,.. , G sin « 
(S X W) + — K7~ 

25. The Resistance of Cohesion of Rock to Rupture 
for any one Explosive varies as the Square of the Line 
of Resistance. — For a line of resistance W and peri- 
phery S of blasting chamber, the resistance R to a 
blast is 

R = S X W X K„ 

and for any other line of resistance Wi, 

R, = Si X W, X Ki, 

Ki being the modulus of shearing of the rock. 

Since, for boreholes whose diameter is d, the 
length of charge should be m ^ n d {n being a 
coefficient of the diameter), S = (2 » + 2) aT; and for 
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boreholes whose diameter is d^^ Si = (2 « + 2) d^^ 
we have 

Si _ {2n + 2)^1 

S "" {271 + 2)d' 

Therefore, as ^ = -^ (see Chapter V.), 

R^ ^ Wi X Wi X Ki _ / Wi^. 
R'^WxWxKi^VW;' 

that is, for the same explosive, the resistance of 
cohesion of rock to rupture in blasting varies as the 
square of the line of resistance. 
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CHAPTER III. 
FORCE DEVELOPED BY A BLAST. 

26. Conditions affecting the Force of an Explo- 
sion. — In rock blasting, the forces P, Pi, Pj, P3, &c., 

P P P 

in the formula = .^ = ^^ \^ = ^ ^=y-, &c. 

S X W Si X Wi Sa X Wa 

= Ki, are obtained by the ignition or detonation of 
explosive compounds in closed chambers formed in 
the rock, whereby the explosive compound is con- 
verted from its solid or liquid state into gases in an 
inappreciably short space of time, this chemical con- 
version liberating heat and the gases in consequence 
highly expanding, and through such expansion 
exerting a great pressure on the rock. The force 
which is developed by blasting, therefore, depends 
on the following conditions : — 

{d) The absolute quantity of the gases produced. 

{b) The temperature of the gases. 

{c) The expansion of the gases due to the tem- 
perature resulting from the explosion. 

{d) The time occupied in obtaining the maximum 
expansion or pressure. 

(e) The size and form of the chamber. 
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(/) The thermal conductivity of the surround- 
ing medium. 

27. Of Different Action of Explosives. — Accord- 
ing to their properties explosives may be divided 
into two classes : — 

{ci) Low, or slow and rending. 
{p) High, or quick and shattering. 

The former are those in which the transforma- 
tion into gas is comparatively slow, the explosive 
force being exerted by degrees as the gases are 
developed. The gases from such explosives being 
slowly evolved, the pressure upon the containing 
body cannot be much greater in any part than that 
which is exerted upon the part which yields. Gun- 
powder is the best type of such explosives. 

The latter, on the contrary, are those in which 
the transformation of the explosive substance into 
gas occurs practically , instantaneously. The full 
force of the enlarged volume is at once exerted in 
all directions, and upon every part of the containing 
body, because motion requires time ; and as no time 
is allowed for the less resistant part to yield by 
moving away before the full pressure of the fluid is 
developed, it follows that the whole force of the 
explosion is exerted upon its surroundings. Nitro- 
glycerine and guncotton are the most prominent 
types of this class of explosives. 

Between gunpowder and nitroglycerine as ex- 
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tremes the other explosives range according to their 
strength, and their applicability to rock blasting will 
depend on the nature of the rock, and also on 
whether the rock is to be shattered or broken in 
large blocks, and whether time is of very great im- 
portance in carrying out the work, as for instance 
in most railway tunnels. 

28. Maximum Pressured Developed by Explo- 
sives. — The experiments of Sarrau, Vielle, Noble 
and Abel give the following as the approximate 
maximum pressures developed by mercury fulmi- 
nate, nitroglycerine, guncotton and blasting-powder 
at their maximum densities : — 

Mercury fulminate, 27,000 kg. per square centimetre. 
Nitroglycerine, 12,000 „ „ 

Guncotton, 10,000 „ „ 

Blasting-powder, 6,000 „ „ 

29. The Useful Work of Explosives^ which con- 
sists partly in shattering the rock and partly in 
displacing the shattered masses, does not approach 
their theoretical on account of incomplete combus- 
tion, the escape of gas through the holes and 
fissures caused by the explosion at high pressure, 
and the thermal conductivity of the surrounding 
medium ; moreover, energy is absorbed by the 
heating and cracking of the rock which is not 
displaced. According to von Rziha's experiments 
the useful effect is only 13*71 per cent., as given 
in the following table : — 
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Explosive. 


Work in 
Metre-Kilogrammes, 


Relative 
working 






value, 




Theoretical. 


Useful. 


Powder = I. 


Powder containing 62 per 








cent, saltpetre 


242,335 


33»224 


I-o 


Dynamite containing 75 per 








cent nitroglycerine 


548,250 


75»i65 


2-2 


Blasting*gelatine contain- 








ing 92 per cent, nitro- 








glycerine 


766,913 


105,144 


32 


Nitroglycerine 


794,565 


108,935 


33 



30. The Power of an Explosive cannot be cal- 
culated with precision from the quantity and tem- 
perature of the gases developed by the detonation 
or ignition of any explosive compound, owing to a 
want of knowledge of the state of dissociation of 
the gaseous products at the moment of explosion 
and during the period of cooling. 

31. Relative Force developed by an Explosive. — 
We may obtain sufficiently accurate relative values 
of the maximum forces developed in different sizes 
and forms of chamber for blasting purposes by the 
aid of the two important laws of the statics of fluids 
given below if we assume that each unit of the same 
explosive compound will develop the same quan- 
tity of gases, and attain the same maximum pres- 
sure, under like conditions. 

The two laws of the statics of fluids above 
referred to are — 
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(a) That the pressure exerted by a fluid upon 
the different parts of the walls of the con- 
taining chamber are proportional to the 
areas of those parts. 

(6) That the pressures exerted by a fluid in any 
direction upon a surface is proportional to 
the projection of the surface at right angles 
to the given direction. 

Since rock is invariably a very inelastic body, 
whose limit of elasticity is reached when it has 
undergone a very slight extension or change of* 
form, it is evident that by the explosion of a charge 
in a chamber in the rock there will be no appreci- 
able enlargement of the chamber before rupture 
takes place. Therefore, if M denotes the maximum 
pressure or shock per unit of surface in a chamber 
due to the explosion, atid A and Ai projections of 
two chambers at right angles to the direction of 
rupture, we can put for the absolute forces or pres- 
sures P and Pi acting in the direction of rupture, 

P = MA, and P^ = MA^, 

whence 

P, _ A, 

P " A ' 

that is, the forces are directly proportional to the 
area of the projections ; hence, for the use of the 
same explosive compound, the projection of chambers 
at right angles to their lines of resistance may be 
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taken to represent the relative forces which will be 
developed by the explosion of charges filling the 
chambers. 

32. Condition necessary for the Development of 
the Maximum Pressure of an Explosive, — By ex- 
periments it has been proved that the maximum 
pressure or effect which any explosive substance 
can develop is that when detonating in a space 
entirely filled, viz. in a space equal to its own 
volume. Hence, to obtain the greatest disruptive 
effect the charge should entirely fill the chamber. 

33. Influence of the Form of Chamber and the 
Thermal Conductivity of the Rock on the Charge. — 
When the blast has only the resistance of cohesion 
to overcome, as when the direction of rupture is 
downwards and there is no friction or hanging of 
the ruptured rock along the lines of fracture, the 
quantity of charge required will depend largely on 
the form of the chamber in which it is applied. 
For instance, a chamber whose cubical contents are 
12 X 12 X I will give as great pressure area to a 
charge, and overcome as great resistance in one 
direction, as another whose cubical contents are 
12 X 12 X 2, but the latter will take double the 
charge of the former to give the same rupturing 
effect. In the case given, it would therefore appear 
to be conducive to economy in the use of explosives 
to use a flattened form of chamber, or to attenuate 
the charge as much as possible. There is, however, 
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a limit to this, irrespective of the difficulty of boring 
such chambers, as a disproportionately large area of 
walls of the chamber to the quantity of explosive in 
the charge would cause a great loss of the force of 
the blast, owing to the thermal conductivity of the 
rock, which is proportional to the area of the walls 
of the chamber. Therefore the minimum width of 
the chamber should not be less than three-quarters 
of an inch if it be desired to obtain nearly the full 
effective pressure of the blast. 



AND THEIR GENERAL APPLICATION. 33 



CHAPTER IV. 

WEIGHT OF CHARGE REQUIRED TO EJECT ROCK 
AFTER RUPTURE. 

34. Ratio of Charge to Mass of Rock to be Moved. 
For any explosive compound of uniform strength, 
theory (see next article) and experience show that 
when a charge L will remove a mass M, under 
like conditions a charge 2 L will move a mass 
2 M, and a charge nh a. mass n M, the masses 
being of the same specific gravity. If, therefore, 
for a given direction of movement the charges 
required for the volumes V and Vj of a given kind 
of rock are L and Li we have the following rela- 
tion of these quantities : — 

L : L, : : V : V,. 
and consequently, 

L "^ V' 

35. Ratio of Charge to Line of Resistance for 
similar Masses of Rock. — The volumes V and Vi, as 
they are similar in form, are proportional to the 
cube of any similar line within them, and, there- 
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fore, if W and Wi are the lines of resistance cor- 
responding to the volumes V and Vj we have 

and substituting this value of ^ in the formula 

17 ^ \W) ' 

The above formula agrees with that usually 
given in most works on rock blasting for estimating 

charges if we put the coefficient Q for m^» as we 
then obtain - i^ ura 

36. Theory of the Action and Force of a Blast 
after Rupture has taken place. — The pressures, or 
tensions, and volumes of gas produced by the ex- 
plosion of a charge in a chamber on the fractured 
mass abc (Figs. 10 and 11) by the force due to 
such pressures may be expressed by the law of 
Mariotte (or Boyle). 

According to this law the density of one and the 
same quantity of gas is proportional to its tension, 
or pressure ; or, since the space occupied by one 
and the same mass is inversely proportional to the 
density of the gas, the volumes of one and the 
same quantity of gas are inversely proportional to 
their tensions, or pressures. 
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Assuming, then, that the explosion of one unit 
of weight of any explosive having a constant che- 
mical composition (when exploded under like con- 
ditions and neglecting the thermal conductivity of 
the chamber) to give a constant volume of gas at 




Fig. io. 




Fig. II. 



a certain tension, two such units to give two such 
volumes, three such units three such volumes, &c., 
it is evident, according to the above-mentioned law, 
that the quantity or volume of gas, or gases, pro- 
duced by the explosion of a charge is directly 
proportional to the space occupied by the gas, 



D 2 
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whereas the pressure on each unit of the walls of 
the containing chamber is in the inverse ratio of the 
volume of gas filling the chamber. 

The space V = a b c Ci b^ a^ (Fig. ii), formed 
by the movement of the fractured mass of rock 
a b c m the direction of the line of resistance, is 
equal to the product of the surface a ^ = F of the 
mass of rock a be and the distance d^ aoi^ cc^ 
of such movement, and is as follows : — 

For a Ime of resistance W, being a coefficient, 

For a line of resistance W, = 2 W, 

Vi = ^Fi = 2eWx 2eWx^=4«'.rf.W«. 
For a line of resistance W, = « W, 

V^ = ^ F, = «e W X «e W X ^= «■»■ . ^ . W. 
Consequently, 

V F" ff'xdxyP "" 

Or the space V and the surface F increase as the 
square of the line of resistance W, for the same 
movement d of the fractured mass a b c. 

According to the statics of fluids the pressure 
exerted by a fluid in any direction is proportional 
to the projection of the surface at right angles to 
the given direction ; hence the pressure exerted by 
the gas in the chamber in the direction of the line 
of resistance W is proportional to the surface 
^ ^ = F, or the square of the line of resistance. 
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Since the volume of gas produced by a blast 
under the given conditions is proportional to the 
square of the line of resistance, its pressure is in- 
versely as the square thereof, and for one and the 
same quantity of charge, supposing the pressure to 
be unity for a line of resistance = i, we shall have 
the following relative pressures per unit of surface 
for any other lines of resistance* 



Line of resistance. 

I 



3 

4 



Pressure of gas. 

1 

I 

But the total pressure of the blast in the direc- 
tion of the line of resistance is the product of the 
surface F and the pressure per unit of surface in 
the chamber, which may be expressed relatively as 
under : — 

• • • • "S I 

2X2X^=1 
3X3X4=1 

4X 4X^= X 



3 

4 



« X « X -J = X 

IT 



Consequently, the total pressure produced by the 
explosion of one and the same quantity of charge 
upon the mass of rock abc^X. any distance from its 



38 THE PRINCIPLES OF ROCK BLASTING 

bed may be taken as a constant quantity until the 
gases escape to the atmosphere, when the force of 
the blast is lost and the further projection of the 
mass is due to the velocity it has attained. The 
direction of movement of the ruptured mass of rock 
under the direct pressure of the blast corresponds 
with the line of resistance, and is indicated by the 
arrow in Fig. ii. 

Since the total pressure developed by a blast 
upon a mass of rock at any point in its ejection 
from its bed is a constant quantity for one and the 
same quantity of charge, for a double quantity of 
charge at any given distance of the rock from its 
bed before the gases escape to the atmosphere the 
total pressure will also be constant, but double that 
for the single charge ; and in like manner for a 
treble charge it will be trebled, and generally the 
force of the blast will be proportional to the quan- 
tity of charge. 

On the contrary, the resistance of a ruptured 
mass of rock to a blast, when there is no friction 
or hanging of the same on the sides, is directly 
proportional to the product of its weight and the 
sine of the angle of the direction of the blast to 
the horizon. Therefore, calling the resistance R, 
the weight of the rock G, and the angle of the 
blast to the horizon a, we have 

R = G sin a. 
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But since we can put G = C W 
R = C W» sin a. 

Therefore, for any other line of resistance Rj we 

have 

R, = C W,^ sin a, 

and consequently 

R ■" ^W/ 
for any given direction of blast. 

For R and Ri, substituting the forces P and Pi, 
required to overcome these resistances, we have 

p ■" '.w;' 

But it has been demonstrated that the charges 
must be directly proportional to these forces, and 
denoting the charges which will develop the forces 
P and Pi by L and Li 

P "" L 

and 



bi - (lii 
L ~ ^W 



) 

When, therefore, for a given direction of blast 
L has been found to be the proper charge for a 
line of resistance W, Li will be the proper charge 
for a line of resistance Wi, conditionally that these 
charges are inserted in properly proportioned cham- 
bers to enable the gaseous pressure developed by 
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their explosion to overcome the cohesive resistance 
and weight, or inertia, of the rock, and that the 
masses of rock are similar in form. 

37. Sectional Area of Chamber required at Right 
Angles to the Line of Resistance. — The ratio of the 
resistances R and R, to charges in chambers is 



R S xW +Gsin« 



K. 

It is evident that the force of a blast must be 
made equal to the resistance of the rock, and that 
we must make 

R ~ P' 

P A 
Therefore, as y = -^', A and Aj being the sec- 
tional areas of charging chambers, we have 



^ S xW +Gsin« 



The value of p^— ^ — may be found 

SxW+^^ 

by trial blasts, and, therefore, if we put the coeffi- 
cient C^ for this quantity we have, in general, 

A = C.(SxW) + ^24^- 
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But as "* ^ = o when the direction of blast 

is horizontal, and it is always a comparatively small 
quantity, the sectional area of chamber may be cal- 
culated from the formula 

A = Q (S X W) 
in most cases. 

The dimensions of the chamber depend also 
on the volume of charge required and the form 
of chamber. 

38. Chamber Coefficient. — From the formula 
A = C« S W we have 

The value Q may be called the chamber coeflfi- 
cient, as it depends solely on the form of chamber. 

For any chamber whose section at right angles 
to the line of resistance is circular, if the diameter 
of the section is d^ we have 

A = -7854^' and S = 3-1416 a?, 
whence, 

3'i4i6flf 4 
and 

d^ 4^. 

For any square section of chamber whose side 

is /, 

A = /" and 8 = 4/, 
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hence 
and 






The coefficient for any other form of chamber 
may be found in a similar manner. 






h 









.x^^-vc 



1 "S 



/ ^ / ■• 



^ 

s 



Fig. 12. 



By the explosion of a charge in rock the sides 
of the chamber are corroded by the heat developed, 
but such corrosion does not affect the chamber co- 
efficient appreciably. Hence, if the diameter of a 
borehole is too small to enable it to take sufficient 
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explosive to overcome the resistance of the rock to 
rupture the only effect of the blast will be to corrode 
the walls of the hole in immediate contact with the 
charge, so that the diameter of the hole will be 
enlarged, as illustrated in Fig. 12. A chamber ab 
is therefore produced, which may be further enlarged 
by repeating the process, until it will take sufficient 
explosive to rupture the rock. The best results are 
obtained with the strongest explosive and the use 
of only a little paper as tamping. If the hole is 
inclined below the horizon the size of the chamber 
may be ascertained by measuring the quantity of 
water required to fill the same. This operation is 
termed chambering, and if conducted by an expe- 
rienced man will in some cases give good results. 
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CHAPTER V. 

RELATIONS OF THE DIAMETERS OF -BOREHOLES AND 
SPHERICAL CHAMBERS TO LINES OF RESISTANCE. 

39. Boreholes and Chambers parallel to Free 
Face. — For cylindrical and spherical chambers in 
rock, with the aid of the above enunciated prin- 
ciples, we can deduce very simple relations of the 
diameters to the lines of resistance, when the direc- 
tion of rupture is horizontal. 

Let / and A be the lengths, and d and ^1 the 
diameters of two cylindrical chambers or boreholes 
in rock, which are placed at right angles to the 
line of resistance or parallel to the free face ; then, 
if A and Ai are the areas of projection of the 
chambers parallel to their axes, 

K — Id and Ai = l^ d^. 

Therefore. 4=7^' 

A P 
But, as before explained, -^=:— \ P and Pj 

being the forces developed by the charges filling the 
chambers before rupture takes place; and since 
P> _ AWx ^e have 

■p^- s W ' 

A. _ S, W, 
A ~ S W • 
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Substituting for -~ the value given above, we get 

h dx _ S, W, 
/^ "" S W 

When, however, the lengths of the chambers are a 
given multiple of the diameters, 

4=-^ and consequently -^ = ^. 

Therefore, in blasting in the same kind of rock 
when the cohesive resistance is not affected by 
joints and fissures, the diameters of the boreholes 
should be directly proportioned to the lines of 
resistance. 

In the case of spherical chambers, whose pro- 
jections are A and Ai, and diameters d and d^ we 
have 

A^ IT ^-^KdJ' 
and 



© = 



sw 



But ■^= ;J' and substituting -p for -^^ in the 
above equation, we get 
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Consequently the same relations of the diameters 
to the lines of resistance subsist for spherical as for 
cylindrical chambers, viz. the diameters should be 
proportional to the lines of resistance. 

By experiments in rock with a number of bore- 
holes, varying in diameter from | to 2^ inches, we 
have obtained results quite in accordance with the 
above formula, thus proving its correctness and 
establishing the principles on which it is based. 

With gelatine dynamite in a very homogeneous 
and strong granite our experiments gave the follow- 
ing results : — 



No. 

of 

Expt. 


Diameter 

of 
Borehole. 


Depth of 

of 
Borehole. 


Length 
Charge. 


Weight 
Charge. 


Line 

of 

Resistance. 




inches 


ft in. 


inches 


lbs. 


ft. in. 


I 


} 


3 2 


9 


•22 


2 4i 


2 


I 


4 2 


12 


•50 


3 2 


3 


li 


5 3 


15 


I'OO 


4 


4 


li 


6 3 


i8 


1-75 


4 9 


5 


1} 


7 3 


21 


2 -So 


5 6 


6 


2 


8 4 


24 


4* 20 


6 4 


7 


«i 


9 5 


27 


6' 00 


7 a 



Manuel Eissler, in his valuable work on the 
modem high explosives, mentions that the ordinary 
mode of calculating charges is not exact, as it does 
not take into account the diameter of borehole and 
the whole face, and gives the following table of 
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lines of resistance resulting for boreholes of i^, i^ 
and if inches diameter, supposing No. 3 dynamite 
to be employed. 



No. of 
Experi- 
ment. 



DiAMBTBR OF BOREHOLES. 

\\ in. li in. if in. 



Line of Resistance. 



3 J feet 
3l » 

5 n 



4 feet 

5 » 

6 „ 



5 feet 

6 „ 

7 » 



The depths of the holes given are the following: 
for No. I, equal to line of resistance ; for No. 2, 
half as long again as the line of resistance ; and for 
No. 3, double the line of resistance. 

As will be observed, the lines of resistance in 
the above table are proportional to the diameter of 
the boreholes. 

40. Boreholes Angled to a Single Exposed Free 
Face. — If a borehole be placed at a less angle than 
90 degrees with the line of resistance, as in Fig. 13, 
when a single exposed face is to be attacked, we 
shall have the following relations for the forces P 
and Pi, tending to produce rupture along the lines 
of resistance r n and q n perpendicular to the free 
face A B and borehole h respectively, if we put m 
for the length of charge in the borehole, d for the 
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diameter of borehole, a for the angle of the bore- 
hole with the line of resistance rn,V^ and Wi for 
the lines of resistance along r n and q n respectively, 
Ki for the modulus of shearing, and Q for the maxi- 




mum pressure or shock per unit of surface developed 
by the explosion of the charge, viz. 

P = ^ // Q sin a, and Pi = ^ ^ Q. 

For the resistances R and Ri to the forces P 
and Pi we may put 

R = S W Ki = 2 («^ sin a -f- ^ W Ki, 
and 

Ri = Si Wi K, = 2 (;;* -f- d) W, K,. 

The line of least resistance is determined by 
whether the ratio of the force to the resistance is 
greater along rn than gn. 

From the above equations, 

P _ ;;g ^ sin ^ Q 

R "■ 2W X {msina + d) ^'K, 
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and 

But W = Wi cos (90° — ^) = Wi sin a, and 

W 
sin a 

Therefore, by substituting, we get 
Pi _ mds\T\.a Q 

It is clearly evident that — ttt-t = t—k is 

^ 2 W (»* sm « + a) 

. ^ ^ sin a , . ^ J 

greater than — ,,r-? — t—js. when sin a < i, and, 

P P 

consequently, ^ is greater than ^, from which we 

may conclude that there is a greater tendency to 
rupture along r n than q n ; and as it can be simi- 
larly demonstrated that there is less tendency to 
rupture along any other line between r and q^ rn 
is the line of least resistance to the blast. 

P w ^ sin ^ Q . c 

-^ = -rrr-/ = r-j\ X ^ IS a measure of 

R 2W {msma + a) Ki 

the ratio of the force to the resistance when the 
borehole makes an angle a with the line of least 
resistance. For any smaller angle 3, diameter of 
hole //i, length of charge m^ and line of least resist- 
ance Wi, we can put 

R2 "" 2 W, (mi sin 6 + d^ Ki 

E 
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P P 
Then, if we make ^ = ^ 
K. K2 

m^ dx sin ^ m d sin a 



2 Wj (»^i sin ^ + flfi) 2 W (w sin ^ + ^) 

and 

Wi _ (;;/ »^i ^1 sin a sin ^) + {m^ d d^ sin ^) 
W "^ {m fHid sin a sin d) + {m d di sin a) 
or 

Wi _ (;;g Wx rfi) + (nzi d d^ cosec a ) 
W "" (»^ ;;^i ^/ ) + (w flf ^^1 cosec b) ' 

This formula gives the relation of the lengths of 
charges, and diameters and angles of holes, for dif- 
ferent lines of resistance W and Wj in rock of the 
same cohesive strength. 

l{ m = nd SLTid m^ := ndi 

W, _ ndi + di cosec a ^ nti + d^ cosec a 
W " nd + d cosec 6 " m + d cosec 6 ' 

If W = Wi and the hole equal to the resistance 
W, whose diameter is d, is parallel to the free face, 
then cosec a = i, and we have 

ndi + di = nd+d cosec 6 

{n + i) di=: {n + cosec 6) d 



and 



= /« + cosec^x ^ 
\ n + 1 J 
\in = 12 
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When cosec a = i and « = 1 2 
W, 13^1 



W (12 + cosec b) d 
And if rf = ^1 

W, ^ 13 

W 12 + cosec b 

rw,, ^ 1 ^1 12 + cosec b . - 

The formula -^ = gives the ratio 

d 13 ^ 

of the diameters d and d^ of holes, parallel and 
angled to a free face respectively, for the same line 
of resistance, whereas for parallel and angled holes 

of the same diameter ^ = ^ ~, gives the 

W 12+ cosec b ^ 

ratio of the lines of resistance. 

From the above it is evident that a borehole 
will give the greatest efficiency when it is perpen- 
dicular to the line of resistance, and the least effici- 
ency when the line of resistance coincides with the 
axis of borehole. 



E 2 
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CHAPTER VI. 

ON THE MAXIMUM DISTANCE APART THAT SIMILAR 
SHOTHOLES, WHEN IN LINE PARALLEL TO A FREE 
FACE, WILL DISLODGE THE WHOLE OF THE ROCK 
BETWEEN THEM WHEN FIRED SIMULTANEOUSLY, THE 
LINE OF RESISTANCE FOR EACH HOLE BEING THE 
SAME AS IF IT WERE TO BE FIRED INDEPENDENTLY, 
AND THE LINE OF RESISTANCE FOR TWO OR MORE 
SHOTHOLES SUPPORTING EACH OTHER. 

41. Maximum Distance which ShothoUs should 
be Placed Apart in Strong and Homogeneous Rock. — 
If equal charges be placed in two boreholes h h^ 
(Fig. 14) drilled parallel to the free face A B, so that 
the lines of resistance are equal, and fired simul- 
taneously, the effect under certain conditions is much 
greater than if each were fired separately. For 
strong and homogeneous rock, when the charges 
have a length = 1 2 rf, we get the following results, 

(a) When the distance between the charges 
hhx is greater than twice the line of 
resistance W, two independent craters of 
rock, mhn and n h^ o^ will be dislodged. 
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{b) When the distance hh^ between the charges 

is equal to, or less than twice the line of 

resistance W, the masses of rock mhn 

and nh^o will be dislodged together with 

. the intervening mass « A ^1. 




Fio. 14. 

42. Influence of the Cohesive Strength of Rock. — 
The maximum distance that the holes can be placed 
apart varies according to the cohesive strength of 
the rock. 

(^ D 

?•* ,'T^v /T\ y'T^. ,'T>^^ : 



* \ ^ 






Fig. 15. 

Suppose, for instance, the actual section of rock 
which the shotholes hh^h^h^ (Fig. 15) would rup- 
ture if there were four lateral free faces, viz. A C 
BD (Fig. 15), and the free faces BD and EF 
shown in cross section (Fig. 16), when the line of 
resistance is of such length that the resistance to 
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shearing is exactly equal to the resistance to frac- 
ture of the cross section ^ F by tension, assuming 
the rock to be perfectly inelastic, 
tix. V:-'*'^ -i"i? then, for the resistance to shear- 



i^*;'i'^-\"^K'.^ ing for N shotholes we may put 

^^^jA^i^^^ N (S X W X KO = N S W K„ 

A^^-Tl'; ^ '\ Ki being the modulus of shear- 

1- i-^N-l^^^ "^-rl^ ing; and if the height of section 

j^/^V;'-i is equal to the distance between 

pjg jg the shotholes for the resistance of 

the cross section to fracture by 

tension, we shall have 

N(^W X ^W X K) = N^W^K 
(K being the modulus of rupture by tension and e W 
the distance between the shotholes) and therefore 
N^^W^K = NSWKi, 



whence, 


./S K, 


> 


and 


K. W 
K ~ S ^• 




We have also (see Art. 37, p. 


41) 


A = 


zSWC, and A = 

■ w - q; 


: S W, Q„ 


Further, 


as the ratio of |^ = 


C is a cons 


different rocks, 




«* = 


^ X C and e,^ - 


^ xC 

Wx ' 
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and consequently 

w = (.-;) ^"^ y =q;- 

In blasting rock we have obtained the following 
results, viz. with charges in i inch diameter bore- 
holes having a length of twelve times the diameter 
of borehole : 

For very strong rock, 

o J S 26 
^ = 2-38 and ttj — — =2, 
W 13 

For strong rock, 

, S 26 
^ = 2 • 00 and ^Y^ = — - = I • 44. 
W 18 ^^ 

For moderately strong rock, 

e= I-50 and ^=1^=0-765. 
Therefore 

^' = ^x(2-38') = 2-83 
= l|x(2') =2-77 

= |6 X (1-5') = 2*94 

3)IE54 
Average value of ^ = 2 • 84. 

Assuming then ^ to have a constant value 

of 2*84, we can find the value of e from any 

W 
values of -q-' or 'vice versd. For instance, putting 

^ = I and S = 26 inches for weak rock, we have 



J 
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W 

—- = 2*84 and W = 73*84 inches for a i inch 

20 

diameter borehole. 

It is, however, important to note that, in con- 
sequence of the low cohesive strength of the rock, 
the chief factor in determining the charge in this 
case will be the force required to eject the rock 
after rupture. 

From the above we have the following rule : — 

For very strong rock, boreholes, having a length 
of charge = 12^, should be placed a distance 2 W 
to 2*38 W; for strong rock, a distance i^ W to 
2 W ; for moderately strong rock, W to i^ W ; and 
for weak rock, a distance W apart. 

On the other hand, for the same rock it must be 
noted, that the value of e depends on the length of 
charge, as we have 

^ = V 2-84^ and ^i = V 2-84^^^. 
Therefore 

2-84^ 
Consequently, 

s. = Cj)'s. 

A I -inch shothole gives e ^ \\ and S = 26 for 
moderately strong rock when the length of charge 
— \2d. 
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Hence, to obtain ^ = 2 we must have 
S = (— j X 26 = 46*22 inches. 

For S = 46*22 inches, the length of charge will 

, 46*22 inches — 2 . , 

be = 22" II inches. 

2 

Simultaneous firing may, therefore, for hard rock 









Fig. 17. 

be productive of a greatly increased useful effect 
compared with the firing of the same charges con- 
secutively, there being a saving of about 20 per 
cent, in the cost of blasting under certain conditions. 
It is, moreover, a valuable means of concentrating 
the forces of several charges to overcome a greater 
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line of resistance than each is capable of when fired 
simultaneously. 

43. Line of Resistance for the combined Shearing 
Force of any Number of Similar ShotholeSy equidistant 
from each other ^ in Line Parallel to a Free Face. — In 
the case of a long line of free face (Figs. 1 7 and 1 8), 
a number of similar shotholes in line parallel thereto 
and equidistant from each other, when placed a certain 
distance k apart will overcome a 
line of resistance W« = ^W, W 
being the line of resistance corre- 
sponding to a single charge, if the 
charges be fired simultaneously. 
The value of q may be found in 
the following mannen 
For one shothole, 

A A 




W = 



QS 



Ca(2W+ 2d)' 



Fig. 18. 



m being length of charge and d 
diameter of borehole, therefore 
we have the following values for 
S when all the shotholes are of the same diameter 
and placed near each other in line parallel to the 
free face, 

For two shotholes hh^ (Fig. 18), 

S = EFGH = 2/« + 4^+ 2 k. 
For three shotholes hh^h^ (Fig, 18), 
S = EFGH X 2^ + 6^+4/6. 
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And for N shotholes 

S = 2W+2Nflf+(2N- 2)k. 

Hence, for two shotholes, 
W- ^A 

*~ Ca(2«« + 4d^+ 2ky 

For three shotholes, 

W,= 3 A . 



C„ (2 w + 6 af + 4 >&) ' 
For four shotholes, 



W,= 



4A 



C<,(2w + 8^+ 6>&)' 

For N shotholes, 

N A 

^-^ C.(2W + 2N^+(2N - 2)k) ■ 

If W, = ^ W we have „ „, = — . 

C.W, q 

Consequently 

N ^£ 

2w + 2Nfl^+(2N — a)i~S 
NS = N (2^^+ 2qk) = 2qm - 2qk. 

N = ^9^~'^9k 
S — (2qd+2qk) 

--2(^d+k) 

and 



2((»*+ NflO + >^(N- 1))' 
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When q is less than unity, the combined shear- 
ing force is not so great as the shearing force of 
each shothole acting independently, in which case 
the line of resistance will be limited by the latter. 

44. Economy of Firing several similar Charges 
close together in Line Parallel to a Free Face. — 
Great economy may be obtained in blasting very 
hard rock which is without well defined joints, when 
there is a sufficient length of free face, by the use of 
a number N of similar shotholes placed close to 
each other in line parallel to the free face, and firing 
them simultaneously. Such economy is due to the 
greater line of resistance that may be blasted by 
their combined action than if each were fired singly, 
as the quantity of rock blasted increases as the cube 
of the line of resistance. 

The value of ^ = — 7-7 ..- .. ^ .,, —7; 

^ 2 \{m + N ^) + (N - \)k) 

(see Art. 43), for similar charges applied in bore- 
holes of I inch diameter which are placed 3 inches 
apart, in line parallel to a free face, length of charge 
being 1 2 inches, is as follows : 

[(of) For N = I ^ = I 

{b) „ N = 2ir=iW 

(c) „ N = 3 ^ = If 

{d) „ N = 4 ^ = 2,/V 

That is, the line of resistance increases as q with 
the number of charges. 
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On the contrary, the coefficient C„ in the formula 

decreases with the number of charges as the quan- 
tity of rock blasted increases in a greater ratio. 
And as we can put 

for the quantity of the charge in N shotholes, we 
have 

and consequently, 

r -NC„ 
^'» — ^• 

By substituting the value of N and q, gfiven 
above in this formula, we get 

{a) Crt= C^ 

if) C^= fj?y3 =-46C^ 

C^ as found for a single shothole i Inch in dia- 
meter, namely, for a quantity of rock W^ is, con- 
sequently, reduced to '29 C^ for a quantity of rock 
(2^y W)' = Wl^ blasted by the combined action of 
four shotholes of the same diameter and containing 
similar charges. The limiting value of Q is that 
required for the ejection of the rock. 
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CHAPTER VIL 

QUANTITY OF ROCK WHICH WILL BE LOOSENED 
UNDER THE USUAL CONDITIONS OF BLASTING 
OPERATIONS, WHEN THERE ARE NO WELL DE- 
FINED JOINTS OR FISSURES. 

45. The usual Method of Exavating Rock by 
Blasiingy when there are no well defined joints, 
is in Steps or benches with straight free faces at 
right angles to each other, as represented in Figs. 
19, 20, 21, and, except when the rock is cut up 
into very large blocks by joints, in which case the 
line of resistance is so regulated as to enable the 
blasts to break right up to the joints, it invariably 
gives the best results. 

46. Form of Craters. — Fig. 19 shows the crater 
^/^SiA^^y which will be formed by the blast of a 
single shothole in a step of rock when there are 
only two free faces A Bj and A C ; Fig. 20, the 
crater e/C Ci/l^i, which will be formed when there 
are three free faces A Bi, A C and B Ci ; Fig. 21, 
the mass of rock bounded by the sides A B„ A C, 
A Di, B Ci, D Ci, and Ai Q, which will be tlasted 
when there are four free faces A Bi, AC, A Di 



\ 
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and BQ; and Fig. 22, the crater efghh^gxfxe^ 
which will be formed when there are only two free 
faces as in Fig. 19, and several similar shotholes 
are fired in line parallel to the free face A Bi 
simultaneously, 

47. Angle of Lines of Rupture. — If the rock is 
a homogeneous mass, -and there are only two free 




faces as in Fig. 19, the angle of the main lines of 
rupture efg or e^fg^ may be considered, for all 
practical purposes, to form a right angle or 90° 
with each other, or each to have an angle of 45° 
with the free face Aj Bi, and in the case of there 
being other free faces as A Di and B Ci (Fig. 21), 
the main lines of rupture for each may also make 
as great an angle as 90° if the face is of sufficient 
extent. 



J 
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48. Volume V of Rock Dislodged when there are 
Two Free Faces at Right Angles to each other. — 
In accordance with the above, a shothole having 
two free faces will dislodge the volume of rock 
^/?i'i/i ^1 (Fig- 19). 

V = W*+-Wl 

2 




Fio. 20. 



49. Volume V of Rock Dislodged when there are 
Three or Four Free Faces at Right Angles to each 
other. — If there are three free faces, the mass of 
rock dislodged will have a volume efC Cif e^ Bi B 
(Fig. 20), and in case of four free faces the volume 
A D C Q Di Ai B, (Fig. 22), 

For three free faces V = f W" + | ;w W^ 
„ four „ V = 2 W + ;« W^ 
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50. VoluMe V 6f Rock Dislodged by any Number 
of Similar Shotholes in a Step of Rock. — In the case 
of several similar shotholes in line parallel to the 
face of rock A Bi (Fig. 22), and the charges fired 
simultaneously, the mass of rock loosened will have 
a volume efghh^g^f e^ (Fig. 22). 




tiG. 2i. 



Hence 



V = {(« - I) + W eW + ((« - I) ^ + ^)eW. 
Therefore, if ^ = 2, 
For two shotholes (fired simultaneously), 

V = 3W + imW\ 

For three shotholes (fired simultaneously), 

V = 5W + ^mW\ 

For four shotholes (fired simultaneously), 

V = 7 W^ + I w W^ 
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Consequently, in blasting with similar shotholes, 
when there are no joints or fissures to be considered, 
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two holes fired simultaneously with two free faces 
will dislodge the same volume of rock as two such 
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holes fired singly each with three free faces ; three 
shotholes fired simultaneously with two free faces, 
the same volume of rock as two such holes fired 
singly each with three fades, and one other with 
four free faces ; and four shotholes fired simul- 
taneously with two free faces, the same volume of 
rock as two sudh holes fired singly each with three 
free faces, and two others fired singly each with 
four free faces. 

51* Volume of Rock blasted by a Concentrated 
Charge. — According to our observations, the ap- 
proxlniate volumes of rock which will be blasted 
in the case of a concentrated charge*, atid when the 
free faces are of sufficient extent to allow of full 
scope of action to the blast, are as follows : 

For one free face . . . i^ W*. 

j, two free faces at right angles) ^ ^3 

to each other . . J ^ ' 

,j three ditto ditto 2^W\ 

„ four ditto ditto 3W^ 

•„ five ditto ditto 4W^ 

„ six ditto ditto | g ^3 

or a cubical block of stone J 

The relative economy under the different con- 
ditions of free face and firing of the charges is 
evidently proportional to the volumes of rock 
blasted. 

F 2 
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52. Simultaneous and Consecutive Firing. — It is 
evident from the above that the simultaneous firing 
of a number of shots will offer important advan- 
tages. This is especially the case, as before ex- 
plained, when a number of shotholes are properly 
combined for the blasting of a long and straight 
wall of rock as indicated in Fig. 22, or for "un- 
keying " a single exposed surface of rock as by the 
four central shots Nos. i to 4 (Fig. 34). Cases, 
however, occur in which it is necessary to determine 
the order of the explosions to obtain the best effect, 
as for instance, for the enlarging shots numbered 
5 to 24 (Fig. 34). 
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CHAPTER VIII. 

THE LENGTH OF CHARGES IN BOREHOLES FOR 
RUPTURE BY SHEARING. 

53. Charges for Shearing. — The best or most 
economical length for charges in boreholes may be 

A 

deduced from the formula W = ^.^-^ in the foUow- 

ing manner : 

As A = »^ flf, and S = 2 (w + a?), 

W = ^^ , 

2 Ca (w + ^ ' 

Therefore, when 



^= d W= i 



d_ 

2 2 Ca 

m^ 2d W= - ^ 



3 2C. 
m^ 2,d W = 1 -^- 

m^ ^d W= 4 4^ 

5 2C„ 
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m= 6d W = - 4^ 

7 2Ca 

m= Bd VJ = - ^ 



9 2C, 

10 2C, 

m=iod W = i?— ^ 

1 1 2 Ca 

fH = II d W = — — :=^ 

12 2 Ca 

m= \2d ^ = 11 4^ 

On the contrary, for the coefficient C, = ^^ , L 

being the weight of the charge, and W the line of 
resistance, we have, if "Em represents the weight of 
charge L, 

Therefore, when 
m-a u. _ ^^ ^ _ »— ^— 



(2 2C„) 
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m 



. /- E2fl? ..(SEC,") 

/2 _dj^ * d^ 

V32Q/ 

U 2 cj 

l6 2 cJ 
J n ^id „2(8EQ») 

Vs 2C,/ 

V9 2Cj 

„,= 9^ Q=--^=i2ff5-^^ 

VlO 2 Ca/ 



In 2QJ 
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J n E iiflT ,. (8EC/) 



(11 JLY 

\I2 2CJ 



From the values of W given ^bove, it is evident 
that if the length of the charge m be infinitely 
increased beyond 12 ^, W will only be increased 
■j^, or beyond 8 ^ no more than -J^, and as C, in- 
creases as shown with the length of charge, as a 
general rule, owing to the influence of the periphery 
of the charging chamber on the blast as explained 
below, the limits of the length of charge should 
vary between 8 cl and 12 cl according to the degree 
of economy required in the consumption of ex- 
plosive. 

54. Influence of Form of Chamber on Shearing 
Force of Charge. — According to the formula 

W = pT-Q it appears that an elongated charge, as 

in a borehole, is not a favourable form for obtain- 
ing the least resistance to a blast for a given line 

A 

of resistance, for, as ^ represents the influence of 

the form of chamber on the shearing force of the 
charge, the resistance will decrease as the sectional 
area, or projection of the chamber at right angles 
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' ■ ■ ■ " 

to the direction of the blast, approaches a square, 
and is a minimum when such projection is a circle. 
This, however, only obtains in case there is only 
one free face, for if there are lateral free faces it 
is advantageous to have an elongated charge to 
insure the whole mass of rock being carried away 
to such free faces, as with a relatively high value 

of ^ the blast would produce a conical cavity in 

the centre of the mass and not carry away the 
rock to the lateral free faces. 

55. The Length of Charge in Boreholes should 
be a Constant Multiple of the Diameter for Shear- 
ing. — When the lengths of charges used in boreholes 
are made a constant multiple of their diameters, as, 
for instance, nd^ we can put for the weight of 
charge L for a diameter of borehole dy 

L = • 7854 d^ nd^ — • 7854 ^ nd^, 

E representing the weight of a cubic inch of explo- 
sive, and for a diameter of borehole d^ 

Li = •7854E«^l^ 
Therefore, 

h-Kd)' 

But as ^ = ^, 

L. /Wa» 
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which evidently agrees with the formula 

L = C.W^asQ = ^3. 

Hence, if we have found that a length of 
charge »^ in a borehole whose diameter is d, will 
give "die proper cJiaige for the line of resistance 
corresponding to this diameter of Tjorehole and ihe 
weight of rock to be ejected, then a length of 
charge n d^ will give the proper charge for the line 
of resistance corresponding to any diameter of 
borehole di in the same rock. 
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CHAPTER IX. 

THE BEST POSITION FOR A CHAMBER OR CHARGE WHEN 
THERE ARE TWO OR MORE FREE FACES AT RIGHT 
ANGLES TO EACH OTHER. 

56. Principle on which the Btst Position for a 
Chamber may be determined. — To obtain the best 
effect with a blast in rock there must be equilibrium 
of resistance on all sides of the line of resistance to 
the action of the charge ; hence the position of the 
chamber should be determined on this principle. 

57. Rule for determining Distance of Chamber 
from Free Faces. — As before explained (Art. 42), 

when two or more similar charges are situated a 
distance ^W apart (^ = 2 for strong rock, i^ for 
moderately strong rock, and i for weak rock) in 
homogeneous rock, parallel to a straight free face, 
and fired simultaneously, the whole of the inter- 
vening rock is dislodged; but when the distance 
between the holes exceeds ^W each charge will 
blast a distinct crater. We may therefore conclude 
that the limiting distance of action for each charge 

is midway between the holes, or a distance . 
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Therefore, as the force of a blast in a borehole 
chamber is equally great on any side of the same 
except the ends, and such force will overcome the 
same resistance of rock on any side having a free 
face, the distance of any lateral free face from the 
side of borehole should be equal to the line of 
resistance ; and, on the contrary, for a free face at 
right angles to the axis of borehole the distance 
of same from the centre of the charge should be 

, as the pressure of the blast on the end of the 

borehole is comparatively small, and could not pro- 
duce rupture acting independently of the lateral 
pressure in the hole. 

From the above considerations we have deduced 
the following rule for determining the proper posi- 
tion for a borehole chamber, viz. : — 

The distance from the centre of a charge to any 

lateral free face, measured perpendicularly to the 

axis of the borehole, should be the same as the line 

of resistance, and to any end free face, measured in 

^ W 
line with the axis of borehole, a length . 

When ^ = 2 the distance from the centre of 
charge to any free face should be the same as the 
line of resistance, which may be adopted in practice 
as sufficiently accurate under most conditions. 

Therefore, for two free faces at right angles to 
each other the proper position for a borehole charge 
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is that illustrated in Fig. 23, in plan, and Fig. 24, in 
section, in which A B and C E represent the free 
faces, h the borehole, D the depth of borehole, m 






J ^ ^ ^ - ' / 



"'• iC'.S:'": 









Fig. 23. 



the length of charge, and T the tamping, or length 
of borehole above the charge. 

Accordingly, 

D = w + T. 

And as T = W - - ^ 

2 -z 

D = - + W. 

2 

For three free faces the 
position of the charge should 
be that indicated in Fig. 25 
in plan, and Fig. 26, in 
section. 




Fig. 24. 



58. Main Lines of Rupture. — For rock of homo- 
geneous composition and uniform texture the main 
lines of rupture, ha^ he and ^B (Fig. 25), would 
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reach the surface as indicated by the dotted lines, 
that is, they make an angle of l8o° between the 






A a 



l^M^'^ik^A^TU 



Fl6< 25< 



two lateral free faces, or an angle of 90° for eadh 
free face, 

A h 









Fig. 26. 



Owing to the want of homogeneity in rock, and 
to the existence of joints and fissures, the outer line 
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of rupture will not, in practice, run so regularly as 
indicated by the dotted lines. In case of rupture 
by shearing the line of rupture is a slightly convex 
curve, as shown in Fig. i. 

59. Irregular Faces of Rock. — A circumstance 
which will influence the position of the chamber, 
sometimes in a very important degree, and which 
must be taken into account in estimating the line 
of resistance, is the irregularity of the faces of the 
rock, which, instead of forming unbroken planes 
parallel to the borehole, are broken up more or 
less by projecting bosses and deep depressions. 
Experience and good judgment, combined with a 
knowledge of the principles of blasting, must guide 
the blaster in this case. 
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CHAPTER X. 

BOREHOLE CHARGES. 

60. Formulae for Weight 0/ Borehole Charges, — 
Calling d the diameter of borehole, n d the length of 
charge, g the specific gravity of the explosive, U the 
cubical contents of charge, and L the weight of 
charge in lbs., we have 

U = '7854 d\y. nd 
U = '7854 nd^. 

The weight of one cubic inch of any explosive 
in lbs. is '036^, and consequently, when d is 
expressed in inches, 

L = "7854 nd^ Y. '036 g 
L = '0283 ngd^. 

When « = 12, and^ = i '6 as for dynamite, 
L = '0283 X 1-6 X 12 d^ 
L = •5434^- 

The weight of charge is also given by the for- 
mula 

L = C« W. 
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But as the charge must be applied in a chamber 
giving sufficient pressure area to the blast, at right 
angles to the line of resistance, to overcome the 
cohesive strength of the rock, it is often more useful 
to have it expressed in terms of Q and W, by sub- 
stituting the value of Q in terms of C„ in the above 
formula. The value of Q in terms of C„ may be 
found in the following manner : 

Since L = Q W = -3396^^^. 



•3396^' 



(w) = 



d y 



W ^ •3396i' 

But for a borehole chamber whose projection is 
A = C.S W, we have h = nd\ and S = (« + i) 2 </. 

Therefore Q = —, — ; — ,-^r=-. , 

2 (« + i) W 

and 

d /2« + 2 



a /2«+2\ 



From the above values of ^^ we have 

W 



'3396^- 



and 



c = { ^ ^ y ^^ 

"* \2n + 2/ ^ '3396^ 
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When « = 1 2 



26 ^ -^.^oej^" i^ ^ • 



3396^ 13 ^ '3396^ 

and 

C. = 3•454^Q^ 

When W is expressed in feet 

C. = 5969 ^c/. 

Substituting these values of C, in the formula 

L = QW^ we have, when W is expressed in 

inches, 

L = 3-4S4^C/.W^ 

when W is expressed in feet 

L = S969^Ca^•W^ 

Suppose, for example, for a borehole in very 
strong rock, that Q = '02, then C„ must be 

3'454^ X -02^ = -00002763^ 

to enable the blast to produce rupture. 

If W in the formula L = Q W be taken in feet, 
and in the formula A = Ca S W in inches, 

C, = •00002763^ X 1728 = •048^. 
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CHAPTER XI. 

THE INFLUENCE OF FISSURES, JOINT AND BEDDING 
PLANES IN DETERMINING THE CHARGE. 

61. Favourable Conditions for Qtcarrying Opera-- 
tions, — A consideration of great importance is the 
existence of fissures, joint planes and bedding planes, 
also lines of statification. It often happens that a 
bed of rock is cut up by such planes into detached 
blocks of greater or less dimensions, which must be 
considered as more or less unsupported faces to 
determine the proper position for a charge, and the 
length of the line of resistance. In some quarries 
joints traverse rocks in straight and well determined 
lines, and are slightly open, thus affording to the 
quarryman the greatest aid in the extraction of 
blocks of stone. When a sufficient number of joints 
cross each other the whole mass of rock is split into 
symmetrical blocks, and offers the best possible con- 
ditions for quarrying operations. 

62. Rupture without Shearing. The Resistance 
to Rupture of any Section of Rock limited by Joints 
or Free Faces. — In the case of joints and free faces, 
as in blasting a mass of rock eflkfglm. Fig. 27, 

G 2 
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which Is bounded by the free faces A Bj and A D, 
the vertical joints efgh ^xAklm n, and the bedding 
joint eigmki, if the joints have little or no cohesion 
along their surfaces, and they are parallel or diverge 
towards the front face A Bi, the cohesive resistance 




Fig. 27. 



of the rock to be overcome by the shotholes hhi 
will be proportional to the smallest section of the 
mass through the shotholes, which should be bored 
between the joints and parallel to the front face. 
Suppose F and Fi to be any two such sections of 
similar rock, varying according to the distance 
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between the joints, and that the same could be 
ruptured by shotholes having charges of the same 
kind of explosive, and whose respective charging 
chambers have projections A and Aj parallel to the 
front face A B ; then for any given line of resistance 
W it IS evident that we should have the following 
relations of the quantities F and Fi, A and Aj, and 
S and Si, viz. 

F - A ~ S ' 

On the contrary, for rocks of different cohesive 
strength, and shotholes of the same diameter, the 
lines of resistance should be proportional to the 
cohesive strength of the rocks, as we should have 

F = ^W^ and F^ = ^^^W,* 
and 

F^V e^ ) ' 

But we can put F = the section that would 
require the same force to rupture it as the section 
Fi in a different rock, under which conditions 
A = Co, S W equals A = Cai S Wi, and therefore 

C.1 " W 
Consequently, 

F- = ©'(§;)'• 

and as (^)' = ^^ (see Art. 42, page 54) 
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F Q, 

and 

F — -^ F 

For very strong rock (see Table I.), when Q = 
•032, we find ^ = 2*27, and for a i-inch diameter 
shothole charged with dynamite, A = 12 square 
inches, and W = 14' 37 inches. 

Therefore, 

F = ^W^ = (2 •27)* X (14* 37)^ = 1064 sq. inches 
= 7*38 sq. feet. 

Hence, for a i inch diameter shothole in weak 
rock whose coefficient is €« = '008, 

Fi = ^^ X 7-38 = 29-52 sq. feet. 

The sectional area of rock 29*52 sq. feet will 
offer the same resistance to rupture as the line of 
resistance for the shothole, which agrees with the 

A 

formula W = p — ^ = 4 feet gi inches, will offer to 

shearing. 

On the other hand, it is evident that F varies as 
the square of the line of resistance, and as the line 
of resistance is proportional to the diameter d of 
borehole for any diameter of shothole, we can put 

F = :^x 7•38^^ 
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This formula is very useful in practice for de- 
termining the proper number of similar holes to 
rupture any given section of rock. 

For example, it is required to blast a section of 
rock 26 feet long and 10 feet high, 8 feet back 
from the main face, the coefficient of the rock being 
•008 for dynamite, when the section is bounded by 
free faces, or joints offering no resistance. 

The line of resistance being 8 feet, we can adopt 

holes of any diameter which will not shear a greater 

thickness of rock than 8 feet. 

A 
According to the formula W = f^—^^ ^\ inch 

diameter shotholes are equal to a line of resistance 
of 7 feet 2 inches, and we may, therefore, adopt 
holes of this or any smaller diameter according to 
the ballistic and shattering effect required. 
For a ij-inch diameter shothole, we have 

* F = ^^ X 7-38 X (li)^ = 66-42 sq. feet, 

that is to say, each i J-inch shothole is equal to the 
rupture of a section of rock whose area is 66*42 
sq. feet. 

But the whole section to be ruptured is 

26 X ID = 260 sq. feet. 

Consequently, the number of holes required is 

^ = 4 nearly. ' 
66*42 ' 
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The holes should be placed, as shown in 
Fig- 27^ in the lower bench to give the best effect, 
viz. perpendicular to the top face A B, and so that 
the distance of the end holes from the sides is 
equal to the line of resistance of the charges, viz. 
7 feet 2 inches, and the centre holes equidistant 
from each other and the end holes. 

The charge of dynamite required for each hole 
is 1*833 IJ^M being given by the formula L = 
•5434^1 Art. 60, page 80, and for the four holes 
1-833 X 4 = 7-332 lbs. 

The volume of rock blasted will be 26 x 10 x 8 
= 2080 cubic feet. 

The chambers should be situated in the central 
part of section, and therefore the depth of each hole 
will be 

— iJ!L = 5 feet 9 inches. 
2 

The section, however, may be blasted with 

fewer holes, if the length of charge and depth of 

hole be increased, since we have 

F. ^ A, _ S, 
F " A ""S • 

Supposing then that we make Ai = 2 A, by 
doubling the length of charge it is clear that half 
the number of holes will suffice, and that they 
should have a depth of 

i^±^ = i2_+3 = 6 feet 6 inches. 

2 2 
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Economy in the boring of holes in this case is, 
therefore, attained by increasing the length of charge. 

The two ij-inch holes, 6 feet 6 inches deep, 
should be bored, as indicated in Fig. 27, in the 
upper bench. 

Comparing the above with a case of stronger 
rock, as, for instance, when C^ = '014, then 

F = -1^32 ^ y.^g ^ ^^^Y = 37-96 sq. feet. 

And the number of i^ inch holes required if m = 
I foot 6 inches is 

— — - = 7 holes. 
37-96 

But experience shows that the length of charge 
may be one-half of the depth of hole under the 
given conditions. Therefore, if the holes be bored 
to a depth of 7 feet, the length of charge in each 

may be ^ feet = 3 feet 6 inches, and there will 
2 

be required for the work to be done 

7 X I foot 6 inches ^ ^^^^^^ 
3 feet 6 inches 

instead of 7 holes as for the shorter length of charge 
I foot 6 inches. On the other hand, the total 
weight of charge will be the same for the seven as 
for the three holes viz. : 

7 X 1*833 lb. = 3 X 4*277 lbs. = 12-831 lbs. 
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The ballistic force of the blast for the same 
length of charge will be directly proportional to the 
square of the diameter of the boreholes. To reduce 
the same so as to just crack the rock from its bed, 
the diameter of the holes must be diminished. 

For example, if i-inch holes be used, 

F = ^x 7-38= 16-87. 

•014 

and the number of holes of this diameter for a 
length of charge = 1 2 a? = i foot is 

260 



16-87 



= 16 holes nearly. 



which number may be reduced to — = 4 holes by 

making the length of charge i foot x 4 = 4 feet. 

A charge of dynamite i foot long in a i-inch 
hole weighs • 543 lb. ; hence, the total weight of the 
charge will be 

16 X -543 lb. = 4 X 2-172 lbs. = 8-69 lbs. 

There will, in consequence, be 8-69 lbs. to pro- 
ject the mass in this case, instead of 12-831 lbs. as 
in the other. In case there are no bedding joints, 
egmK ^vAgxiom^ (Fig. 27), the i-inch and 
i^-inch shotholes must be placed 2 feet 9 inches, 
and 4 feet i^ inches (the lines of resistance for 
shearing) back from the free face A B. 

63. Length and Position of Charge for Shearing 
in Beds of Rock. — In the case of beds of rock as 
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illustrated in Fig. 28, the lines of rupture produced 
by the explosion of the charge m, in the borehole, 
will evidently be limited by the bedding plane or 
joint C D, and if the joint C D is an open one, we 
may assume that there is practically no resistance 
to the blast along CD. In this case, when the 












^z:ir* f^ -^~ ^^ r^^-^ 






;zr^^^-7:i3^*^^^; 



^:r_^^v53 







Fig. 28. 

thickness / of the bed is less than ^ W (W being the 
line of resistance if there were no joint C D), the 
length of charge should be proportioned to the re- 
lative resistance, which may be ascertained in the 
following manner. 

In homogeneous rock, when there are no joints 
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or fissures, we have for the resistance to a blast 
R = S W Ki = ^ W^ K, hence a section of rock 
whose section is ^ W^ may be a measure of the 
resistance of any shothole. On the same principle, 
the relative measure of the resistance to rupture 
when we are dealing with a bed of rock limited in 
thickness to less than ^ W, as shown in Fig. 28, if 
we denote the thickness of the bed by /, is > W x /, 
which is evidently a smaller quantity than ^ W^. 
Therefore, the length of charge should be reduced 
so that the force of the blast is proportional to the 
resistance, as the force of a blast is proportional to 
the length of charge. Putting then m and m^ as 
the lengths of charge required to overcome the 
resistances ^ W* and e iW we have 

;» :»^i ::^W* :^/W, 
whence 

tm 

For strong rock we have ^ = 2, and conse- 
quently, 



Wi = 



tm 



That is, when 

/ = W Wi = \m 

/ = i^ W »^i = f »/ 

/ = i^ W m^^ \m 

t = i| W m^ = \m 

/ = 2 W »^i = m. 



AND THEIR GENERAL APPLICATION 93 



If the joint C D is somewhat open it offers little 
or no resistance, and the proper position of the 
charge will be midway between the joint planes 
A B and C D. On the contrary, if the joint C D 
is tight the charge should extend to the same, and 
it should be adjusted between these limits accord- 
ing to the tightness of the joint C D, on the prin- 




FiG. 29. 



ciple that there should be equilibrium of resistance 
on all sides of the line of resistance. 

When there are lateral free faces or joints we 
may place the charge a maximum distance W from 
the same when this is possible. 

The charge should always be located in whole 
rock to prevent free escape of the gases and con- 
sequent reduction of the power of the blast. This 
rule, of course, only holds good when the strata are 
thicker than the length of the charge. 
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In laminated or slaty rock the resistance to rup- 
ture is invariably less along the planes of stratifica- 
tion than across the strata. Therefore, in order to 
locate a shothole advantageously in, or parallel to, 
the planes of stratification when there are two lateral 
free faces A B and A C (Fig. 29), the former par- 
allel to the planes of stratification and the latter at 
right angles thereto, the shothole h should be so 
situated that the distance from the free face A C is 
I to i:J^ its distance from the free face A B, which is 
the line of least resistance. The proper distance of 
the shothole k from the free face A C must be found 
by trial shots. 
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CHAPTER XII. 

BLASTING IN CUTTINGS, STOPES OR QUARRIES. 

64. Placing of Shotholes in Cuttings or Slopes, — 
In a cutting or stope the rock should be blasted in 
steps with straight faces or walls (as illustrated in 
Figs. 30, 31 and 32, plan, longitudinal section and 
end view), so that each step is completely removed 
by the series of shotholes a a^ a^ a^ and b b^ b^ b^ 
placed in line parallel to the free faces A B C D 
and C D E F. All the shotholes should be of the 
same length and diameter, and contain equal 
charges. We can make the line of resistance that 
which each single shothole will overcome when 
fired separately, which we will call W, or a length 

^' = 2{(;;. + N^ + >^(N-i)} ^ ^' ^"^ "^^"^^ 

a number of holes in close juxtaposition. In the 

former case the central holes should be placed a 

distance e W apart, as before explained, and the end 

^W 

holes a distance from the nearest central holes, 

2 

The end shots, aa^ and bb^, are necessary to main- 
tain the profile of the cutting or stope. 
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65. Irregular Surface Line of Rock. — In case 
the rock has an irregular surface line, or a ledge 
of rock has to be removed, as in Fig. 33, regular 
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Steps may be established by removing the section 
of rock deb by the shotholes hh^KKy and the 
section of rock bca by the shotholes h^ and ^. 
To obtain a level floor it is often advantageous to 
bore horizontal holes, as ky shorter vertical holes 
being used, and the bottom blasted by horizontal 
holes. 

66. Joints. — When there are regular and well 
defined joints, offering comparatively little resistance 
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Fig. 32. 



along their surfaces, shotholes should be placed to 
take advantage of this favourable condition for the 
excavation of the rock. 

In granite quarries the joints may be very irre- 
gular, as in the Aberdeen quarries, or run in a very 
regular manner, as in the Cornish quarries. The 
position of the joints is of first importance in select- 
ing a site for a quarry. For instance, it is found 
in granite formations that the direction of the beds 

H 
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generally corresponds with the outline of the hill ; 
consequently the bedding planes are horizontal 
when the surface is horizontal, and are inclined 
when the surface is sloping. When the angle of 
dip of the beds is great this condition is very dis- 
advantageous for a quarry, as not only is the quar- 
rying of the stone more expensive but there is 
considerable risk of accidents from the blocks 
having a tendency to slip down the steep planes. 



Fig. 33. 

The greatest economy is obtainable when the bed- 
ding joint planes are either horizontal or dip very 
slightly towards the direction in which the rock is 
to be blasted. When it is necessary to open a 
quarry in a steep side of a hill the opening should 
not be made straight into it, as the masses of rock 
which stand separated from each other by natural 
divisions (joints) might fall on the workmen en- 
gaged beneath them. 
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CHAPTER XIII. 

PLACING OF SHOTHOLES WHEN THERE IS ONLY A 
SINGLE EXPOSED SURFACE FOR ATTACK, AND 
NUMBER OF SHOTHOLES REQUIRED FOR A HEAD- 
ING OR SHAFT. 

67. Removal of an Entering Portion of Rock. — 
In the foregoing considerations the holes have been 
assumed to be drilled in the most favourable posi- 
tion for blasting, viz. parallel to a free face, which 
is only practicable when there are two or more free 
faces available. When, however, we have to attack 
a single exposed surface, or free face, as frequently 
occurs in driving headings and shaft sinking, one or 
more holes have to be drilled at an angle to the 
free face to remove an entering portion of rock and 
leave the surrounding rock unsupported, which is 
called " angling the holes to unkey the rock," or 
" taking out the key." 

By the unkeying of the rock a new free face is 
provided, approaching more or less to a right angle 
with the other, so that the succeeding or enlarging 
shotholes, when drilled in line with the heading or 
shaft, will have a free face approximately parallel to 

H 2 
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the axes of the hole to break against. An illustra- 
tion of the centre cut method of attacking a single 
exposed surface when there are no joints or fissures 
available is given in Figs. 34, 35 and 36, in which 
I to 4 are the breaking-in shots and 5 to 20 the 
enlarging ones. Fig. 34 shows face of attack and 




Fig. 34. 

plan of holes, and Figs. 35 and 36 the holes in 
section. 

The line of resistance Wi for the breaking-in 
shots is shown in Fig. 35. The effect is greatest if 
the shotholes i, 2, 3 and 4 meet, or approach so 
nearly each other that the intervening rock is fis- 
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sured or pulverised, as in that case a pressure sur- 
face for the gases from the explosion of the charges 
will be produced parallel to the face of the heading 
between the limits of the charges. 

68. Arrangement of Holes in Headings or Shafts. 
Supposing all the shotholes besides the breaking- 
in ones to have the same length and diameter, the 
best arrangement of holes will evidently be that 
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Fig. 35. 



which gives equal resistance to each, whereas the 
number of holes will depend on the size of heading 
or shaft, tenacity of the rock^ and strength of ex- 
plosive used. 

In the Figs. 34, 35 and 36, the holes are shown 
arranged on this principle, viz. first, 4 breaking-in 
shots, numbered i to 4, converging to the centre E 
of the heading; secondly, the series of holes num- 
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bered 5 to 8, whose distance at the bottom from E 
is W, the line of resistance adopted for all the holes 
excepting the breaking-in ones; thirdly, the series 
numbered 9 to 12, which are situated a distance 
W + (W sin 45°) from E ; fourthly, the series num- 
bered 13 to 16, having a radius 2 W from E; fifthly, 
the series numbered 17 to 20, whose radius from E 
is 2 W + W sin 45° ; and sixthly, the series num- 



SecCion through CO. 

■• "■■""—- 
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i 




Fig. 36. 

bered 21 to 24, whose radius from E is 3 W. The 
measurements from E are to the bottom of the 
respective holes. W varies approximately from 
I foot 6 inches to 2 feet 6 inches, according to the 
hardness and tenacity of the rock, for holes 3 feet 
6 inches long and ij inch diameter, and must be 
found by trial shots, or calculated from the coeffi- 
cient Q of the rock if this is known. The posi- 
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tion of the bottom of the holes is easily found by 
dividing the circle by the four diameters A B and 
C D, and intersecting these lines by circles having 
radii W, i • 7 W, 2 W, 2 • 7 W. 

The dotted lines show the lines of fracture at 
the bottom of the holes. 

69. Number of Breaking-in Shots required, — 
In order to find the number of breaking-in shots 
required, when fired simultaneously, to unkey the 
rock, let us assume the line of resistance to be / W, 
and substituting this value for Wi in the formula 

Wi _ mm^di + m^ddx cosec a 
W '^ mmxd + m ddi cosec d 



we get 



__ mmidi + m ddi cosec a 
^ "^ ntm^d + m dd^ cosec b ' 



It is most convenient to compare the power of 
"angled" holes with that of similar holes parallel 
to a free face. Hence, we should put a = 90° and 
cosec ^?=i; m -=> \2 d and /»j = 1 2 d^. By sub- 
stituting these values in the above formula we 
obtain 

^ (12 + cosec b)d 12 + cosec b* d * 

As, however, all the shotholes can be so placed 
as to act as one hole of/ times the diameter of hole 
equal to a line of resistance W if similarly angled to 
the free face, which will be the case if the holes meet 
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at a point, as in Fig. 35, we can therefore put ^ = G 

for the number of holes required to blast a line of 
resistance/ W, wherefore 

^ 12 + cosec 

and 

^ 12 + cosec b . 
G= P- 

If, for example, all the holes have the same dia- 
meter, and the line of resistance for the breaking-in 
shots is double that of the enlarging ones, or / = 2, 
and the angle of the breaking-in holes with the line 
of resistance = 8°, or cosec ^ = 7* 19, then 

^ (12 -f 7-19) X 2 , , 
G = ^^ '-j^ = 3 holes. 

70. Side Cut. — If there are natural side walls 
available in the driving of a heading or level, as 
occurs in the case of veins and lodes, or the strata 
are proceeding in the same line as the heading so 
as to present the edges in front, the rock should 
be unkeyed in the side, which is called the "side 
cut," an example of which is given in Fig. 37 in 
plan and Fig. 38 in section. 

To enable the key charges to overcome the 
greatest possible line of resistance along the wall, 
or joint a b, when it is so tight that the gases from 
the explosions cannot escape through it, experience 
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shows that the keyholes should have just sufficient 
length to strike the joint, and not extend beyond it. 
On the contrary, where there is a somewhat open 
joint or fissure along the wall the keyholes should 
not quite reach to the same, as. the charges must be 




Fig. 37. 



located in whole rock to give the best effect. In 
the case of a very open joint it should be considered 
in all respects as a free face, and the keyholes 
placed nearly parallel to it The wall or joint a b 
may reduce the resistance to the breaking-in shots 
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nearly one-half when it offers very little resistance 
along its surface to the rupture of the rock. 

71. Bottom Cut. — Another method of unkeying 
the rock when there are no joints available is that 
illustrated in Fig. 39, which consists in placing seve- 
ral holes {a) along the side or bottom to assist the 
** angled " holes {b), to unkey the face A B and 
maintain the profile of the bottom of the heading 




Fig. 38. 

by firing charges in the holes {a) simultaneously 
with charges in the holes {b). 

7 2 . Useful FormuUs for Determining the Number 
of Shotholes required for headings or shafts of a 
given size may be found in the following manner : — 

Let V denote the volume of rock blasted to 
advance a heading the length of the cut, and C the 
coefficient of the strength of the rock, then for the 
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blasting power required to loosen the volume of 
rock V, we may put 

P = CV. 

Therefore, if the coefficient of the rock be C^ 
instead of C, we shall have 

P, = QV. 
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Consequently, 



Fig. 39. 
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But it is evident that 
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and therefore that 

Then, if N similar shotholes, having the same 
diameter and loaded with the same explosive, will 
develop a power P, and Ni such shotholes a power 
Pi, we shall have 

P = N M A, and P^ = N^ M A, 

M representing the pressure or shock on each unit 
of surface of the chambers from the explosion of 
the charges. 

Therefore, 

Pi.Ni 
P "■ N • 
and 

N -Q " 

If for, say, a 3i feet advance in a 7 x 7 foot 
heading twenty li inch diameter shotholes are 
required as illustrated in Fig. 35, then 

C _ A _ i8| _ 

Introducing these values for Qi, and N^ in the 
above formula, we have 

N = Ca — = 667 Q. 
•03 ' 

Assuming that N and Ni are proportional to 
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the volumes V and Vi of rock for any given ** ad- 
vance" in a heading or "sink" in a shaft, then, 
since the volume of rock in the above example is 
7 X 7 X 3j = 159J cubic feet, we may put 

or 

N = 4-24CaV. 

This formula gives the number of similar shot- 
holes required in a heading or shaft, the coefficient 
of the rock for the explosive to be used being Ca, 
and the volume of rock being V for the " advance " 
or "sink." 
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CHAPTER XIV. 

HOW TO FIND THE COEFFICIENTS C^ AND C« BY 
TRIAL SHOTS. 

73. Trial Shots. — The coefficient Ca in the 
formula A = Ca S W, and the coefficient C^ in the 
formula L = C„ W^ must be found by trial shots in 
the rock which is to be blasted. 

This is done by selecting a step of rock as free 
from fissures and joints as possible, with two fairly 
straight and smooth faces, A B and B C, at right 
angles to each other (Figs. 40 and 41), drilling 
several vertical holes a distance, say, 3 W apart, 
each of the same diameter (say i inch) from the 
face A B, parallel to the face B C, with varying 
lines of resistance, so that the depth of the holes 

= W + ^ , and the radius of the free face )> W ; 
2 

then inserting a charge (with fuse) of the explo- 
sive compound whose strength is to be tested, 
say, for. a length = 8^, filling the holes with 
moist clay tamping to the top, and firing the 
charges. 

74. Coefficient C^. — Suppose, for instance, that 



AND THEIR GENERAL APPLICATION jii 

three i-inch holes, h^ h^ h^ (Fig. 40), are bored 
in gneiss with lines of resistance 2 feet, 2 feet 
6 inches and 3 feet, for which the correspond- 
ing depth of holes would be D = 4 ^ + W, viz. 




Fig. 40. 

2 feet 4 inches, 2 feet 10 inches and 3 feet 4 inches 
respectively ; 8^=8 inches of charge being used 
in each hole, with the result, for dynamite, that the 
2 feet 4 inch and 2 feet to inch holes completely 
dislodged the rock, and that the 3 feet 4 inch hole 
only produced cracks, then, as ^^ KKK b 



^c. 






for the holes which dislodged '^\\jj^'^ 

the rock, the resistance is ^* ))*> 

greatest for the 2 feet 10 inch T^^, 

hole, and it has produced the ^(^\\/\ N'^V 

desired effect, we may conclude \\r \'^^ ^ I^n 

that 2 feet 6 inches is the ^'|n/, "^ "\ 

proper line of resistance for ^ a " ^ ^^ ^ V /^ 

dynamite under the given con- 
,: . ^ Fig. 41. 

ditions. 

From the equation A = Ca S W, we have 

c - A. 

^" s w . 
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Then, as A, according to the above trial shots, 
= 8 inches x i inch = 8 sq. inches, and S = 2 
(8 inches + i inch) = i8 inches 

Ca = -3 = '015 nearly. 

i8 X 30 

To control this coefficient, and prove its correct- 
ness, calculate for larger and smaller holes accord- 
ing to the formula A = '015 SW for greater and 
smaller resistance than 2 feet 6 inches, and see if 
analogous results be obtained. If the strength of 
the rock should vary, then Ca has to be modified 
accordingly. 

75. Coefficient C,. — From the formula L = C^, W, 
we have 

C - L 

According to the result of the above mentioned 

trial shots, the weight of charge L in ounces;, taking 

the specific gravity of dynamite as i'6, and the 

weight of a cubic inch of dynamite = '036 x i*6 

X 16 = '9216 oz., was 

L = •7854 X "9216 X 8 X (i inch)'* 
= 5*79 oz- 

Then, as W = 2 feet 6 inches, 

' (2ifeet)^ 15-625 ^7- 
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Supposing, however, that in very tight rock we 
required a \\ inch diameter borehole instead of a 
I inch to overcome the line of resistance 2 feet 
6 inches, then we should have 

C -5'79 X {}\Y _ i9'54 - j..- 
^^" (2ifeety " 15-625'" "^5. 

This high value of Q is evidently solely due 
to the great resistance of cohesion of the rock, and 
the form of chamber, for it cannot be admitted that 
the charge required in this case is greater for the 
ejection of the rock after rupture has taken place, 
than in the former. 

When the coefificient C„, as in this case, is too 
high for the volume of rock blasted by a single 
shothole, if there be sufficient length and depth of 
free face, it may be reduced by arranging several 
similar shotholes closely in a line parallel to the free 
face, and equidistant apart, and firing them simul- 
taneously. According to the formula 

W, __ _ NS 

W "^ ^ 2{{m+'i^d) +-(N - i) k\ 

the line of resistance will increase as the number of 
shotholes (within certain limits), and for a number 
N of li inch diameter shotholes, having a length 
of charge 1 2 d^ which are placed a distance ky say 
3 inches, apart, and which are singly equal to a line 

I 
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of resistance 2 feet 6 inches, for a given rock we 
shall have 

(a) For N = I q = i and W = 2^ feet. 
{p) „ N = 2 ^ = i^ „ W = 4 „ 
{^ „ N = 3 ^ = 2 „ W = 5 „ 

The relative volumes of rock blasted will be as 
under : 

For (a) W* = (2^)' = 15^ cubic feet. 
■ „ (b) W.» = (4)' = 64 
.. (r)W.»= (5)' =125 

and consequently, as i : 4 : 8. 

Therefore, as C„ = i • 25 for one shothole, 

C« = - X I • 25 = o'625 for two such shotholes ; 
4 

C = I X I '25 = 0-47 for three such shotholes ; 

o 

under the given conditions. On the contrary, the 
depths of the shotholes should be W + — , namely, 

For (a) 2 feet 6 in. + 9 in. = 3 feet 3 in. 

II (^) 4 n + 9 II = 4 n 9 II 

II (^) 5 .1 + 9 II = 5 II 9 II 

Consequently, the relative lengths of borehole for 
the rock blasted will be as follows : 
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For (a) = 3 feet 3 inches. 

„ (b) = U^ = 2 feet 4i inches. 
4 

„ {c) = ^ ^ ^^ = 2 feet 2 inches. 

o 

The above example shows that in hard rock a 
great saving may be effected in the boring of the 
rock, as well as in the quantity of explosive used, 
when the shotholes support each other. 



1 2 
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CHAPTER XV. 

THE TAMPING, OR STEMMING, OF SHOTHOLES. 

76. Results of Sir J. F. Burgoynes Experiments 
on the Resistance of Various Kinds of Tamping.-— 
According to General Sir J. F. Burgoyne's exten- 
sive experiments on the resistance of various kinds 
of tamping to the action of powder charges in bore- 
holes, clay dried to a certain extent is, all things 
considered, the best material for tamping; broken 
brick, tempered with a little moisture, the next best 
material ; and rotten stone, without hard gritty par- 
ticles of stone, as good as either ; but the latter is 
generally objectionable on the ground that it is 
likely to lead to an occasional substitution, or mix- 
ture of hard gravel, which is subject to strike fire. 

Sir J. F. Burgoyne obtained the following results 
by his experiments with powder charges : — 

(a) ** In holes of i inch diameter, charges of 
2 ounces of powder will not blow out 
above 7 inches of clay tamping. 

{b) ** In holes of 2 inches diameter, charges 
of 2 ounces of powder will blow out 
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about 18 inches of clay tamping, and 
not more. 

{c) "In holes of 3 inches diameter, charges of 
2 ounces of powder will not blow out 
above 19 or 20 inches of clay tamping. 
{d^ " Increase of charges does not produce a 
greater effect upon good tamping. For 
instance, 4 ounces of powder had scarcely, 
if at all, more effect than 2 ounces, so far 
as can be judged under the different cir- 
cumstances. 

(e) "When the rock is opened by the explo- 
sion the effect on a tamping of clay, or 
other tough material, is greatly reduced, 
the action upon the rock in opening ap- 
pearing to be much more rapid than on 
the tamping; even where the rock is 
separated across the line of the hole itself 
the tamping is usually found adhering to 
the sides." 

77. Length of Tamping Required for Powder 
Charges. — The latter is a very favourable circum- 
stance in blasting, and for powder charges we may 
conclude that 7, 18 and 20 inches of tightly packed 
clay tamping is the minimum required for boreholes 
whose diameters are i, 2 and 3 inches respectively. 

78. Tamping for High Explosives. — For such 
explosives as the nitroglycerine compounds, which 
develop their full power instantaneously, there is 
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not time for the tamping to yield before the full 
shock of the gases is delivered upon the sides of 
the chamber, and if the shock is sufficient to burst 
the rock rupture will be effected before any con- 
siderable proportion of the force of the explosion is 
lost by the escape of gases out of the shothole. 
Hence, for such explosives a very light tamping, 
as, for instance, the hole filled with water, will act 
very efficiently. In general it is sufficient to use a 
tamping of water, but when this cannot be applied, 
as when the holes are horizontal or inclined above 
the horizon, a few inches of clay or paper pushed 
tightly home into the holes is all the tamping re- 
quired. 
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CHAPTER XVI. 

ON THE DIFFERENT METHODS OF ARRANGING BORE- 
HOLES IN DRIVING AND SINKING. 

79. Systems of Placing Holes for Driving and 
Sinking. — It is essential when rock drills are em- 
ployed that the arrangement of the boreholes should 
be such as will allow of every facility for boring 
them with such machines, and also minimise the 
number of holes and weight of explosive necessary 
for a given advance in the heading, level or shaft. 
With this object in view the following two distinct 
systems of holes for driving and sinking are in 
use, viz. : — 

{a) The centre cut, which consists of centre 
holes surrounded by others more or less 
concentric therewith, and angled so as to 
allow the explosive to remove, first, a 
centre core or key; second, the rock 
encircling the core. 
(b) The square cut, in which the shotholes are 
mostly parallel to the sides of the head- 
ing, level or shaft, which is given a more 
or less rectangular form, the holes being 
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angled so as to admit of the removal of, 
first, an entering wedge ; second, of the 
rock on each side of the wedge. The 
core or wedge may be either removed at 
the centre, side or bottom. 

80. Diameter of Holes. — In driving headings or 
sinking shafts experience shows that holes having 
a diameter varying from | to i^ inch at bottom 
are most economical in hard rock if charged with 
the strongest high explosives, and, on the contrary, 
holes of larger diameter, say from i^ to 2\ inches 
in diameter, and charged with a strong low and 
cheap explosive in weak rock. 

All the holes in a heading or shaft should have 
the same diameter, and the best arrangement is to 
give an equal resistance of rock to each and placing 
each hole so as to get the full benefit of the free 
faces formed by the firing of the preceding holes. 

81. Best Length for an ^^ Advance'' in a Head- 
ingy Level or Shaft. — In hard and tight rock the 
best length for an advance with each set of holes 
is one-half of the width or diameter of the heading, 
level or shaft, but it may be three-fourths of such 
width or diameter in soft and loose rock with ad- 
vantage. The arrangement of holes must enable 
the whole of the rock to be blasted away within 
the limits of the heading or shaft. 

82. Key-Holes. — It is obvious that the **key" 
holes should meet at the bottom and be fired simul- 
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taneously to give the best effect, as the resistance of 
the core is a minimum under these conditions. 

83. Centre Cut in a Heading. — Figs. 42, 43, 44 
and 45 give an example of the best method of 
placing holes of one diameter for the centre cut; 
Fig. 42 indicating their position on the face of the 



V 






Fig. 42. 

heading, Fig. 45 in elevation, and Figs. 43 and 44 
in plan. The holes are shown as they would be 
drilled by rock-drills, and are so placed in accord- 
ance with the principle that the line of resistance 
must be the same for each hole except the breaking- 
in ones, that is, when they are all of the same dia- 
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meter, and consequently equal to the same line of 
resistance. Sufficient holes must be bored to en- 
able the whole section of rock abed, giving a lineal 
advance of 3 feet 3 inches, to be removed, as if this 
object were not attained it would be necessary to fix 
up the machines again simply to bore new holes for 
the removal of the remaining rock before another 
complete set of holes could be bored for a further 




Fig. 43. 



lineal advance of the heading. This system of holes 
enables two rock-drills to be employed most advan- 
tageously, and even four drills may be used at one 
time in a small heading when the greatest speed in 
driving is to be attained. 

In the case of strong and hard rock, as, for 
instance, when the line of resistance is i foot 9 inches 
for i^ inch diameter holes, and they are charged 
with gelatine dynamite, 20 holes are required to re- 



AND THEIR GENERAL APPLICATION. 123 



move the whole section of rock abed. The proper 
length of charge in each hole will be 12 x i-J^ = 
13^ inches, which corresponds to, say, f lb. of 
gelatine dynamite {see Table II.). Four breaking- in 
shots are generally adopted in practice, whereas 
three holes should suffice according to the formula 

G = ( J/, b being the angle made by the 



13 




Fig. 44. 



breaking-in shots with the line of resistance and / 
the ratio of the lines of resistance for the breaking- 
in and enlarging shots. These holes must converge 
to a point in the heading to ensure the removal of 
the core, as the resistance of the rock to rupture is 
thereby reduced to a minimum. This is found very 
difficult in practice, and it is therefore desirable to 
use an extra hole to ensure the removal of the qpre 
if these holes be not so placed. The order of firing 
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the holes is as follows : — First, the breaking-in shots 
Nos. I, 2, 3, 4, simultaneously; then the enlarging 
shots either consecutively or simultaneously (the 
result will be precisely the same) in the following 
order : — First volley, Nos, 5, 6, 7, 8 ; second volley, 
Nos. 9, 10, II, 12 ; third volley, Nos. 13, 14, 15, 16; 








and fourth volley, Nos. 17, 18, 19, 20; this order 
giving the full advantage of the free face formed 
by the preceding holes, and therefore, the most 
economical result obtainable. 

It is assumed in this case that the rock is fairly 
homogeneous, but on the other hand small irregular 
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joints would not reduce the resistance appreciably, 
and should not be considered in the arrangement 
of the holes. 

In the case of weaker or bedded rock the line of 
resistance would be greater, and fewer holes re- 
quired. 

The proper charge of gelatine dynamite for a 
\\ inch diameter borehole is | lb., and, therefore, 
the weight of explosive required for a lineal advance 
of 3 feet 3 inches is 

20 X I lb. = 15 lbs. 

84. Square Cut in a Heading. — Figs. 46, 47, 48 
and 49 give an example of the best method of 
placing the shotholes for the square cut ; Fig. 46 
illustrating the position of the holes on the face of 
the heading ; Fig. 49 in elevation ; and Figs. 47 
and 48 in plan. This system of placing the holes 
differs essentially from the centre cut, in that the 
length of free face is at first developed instead of 
being successively increased by each series of shots 
as in the centre cut. Two or four rock drills can 
be used most advantageously in this case as with 
the centre cut, whereas the arrangement of the 
holes is simpler, and facilitates the boring of the 
same. 

Under the same conditions as in the example 
given of the centre cut system, viz. in strong and 
hard rock, with \\ inch diameter boreholes, and the 
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line of resistance being i foot 9 inches, 22 holes are 
required for a lineal advance of 3 feet 3 inches, but 
four of the holes are shorter, and only three dry 
holes have to be bored as compared with five dry 
holes with the centre cut system. As the holes are 
bored slightly conical, the shorter holes will have a 




diameter of \\ inches at bottom, as against \\ inch 
for the longer holes. 

The entering wedge efg (Fig. 47) is best re- 
moved in two stages, namely, first the part ehghy 
breaking-in shots Nos. i, 2, 3, 4, and then the part 
efh, by breaking-in shots Nos. 5, 6, 7, 8, as the line 
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~g 

of resistance would be more than these eight holes 
could overcome, if Nos. i, 2, 3, 4 were continued 
so as to meet Nos. 5, 6, 7, 8, and fired simul- 
taneously. 

It has been before demonstrated that if q repre- 
sents the line of resistance for N shotholes placed a 
distance k ^part in line parallel to a free face, and 
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Fig. 47. 




fired simultaneously, the line of resistance being 
unity for one shothole, that we shall have 



^ = 



NS 



2{(w-f- N^-f->§(N - i)} 



But in the example we have N = 4, S = 
29 J inches, m = i^i^ inches, ^ = 14. inches, and 
fl^= i^ inch for the four longer holes, and ij 
inches for the shorter holes ; therefore, for the four 
holes Nos. 5, 6, 7, 8, we have 
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g^ 4 X 29i ^117,^0. 

2{i3i + 4 X ii+ 14(4- i)} 120 

Hence the line of resistance these four holes will 
break by their combined shearing action is i foot 
9 inches x o • 9 = i foot 7 inches, which is less than 
for each fired singly, and their line of resistance, 
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Fig. 48. 




therefore, cannot exceed that corresponding to each, 
viz. I foot 9 inches. 

On the other hand, if Nos. i, 2, 3 and 4 were 
continued to meet Nos. 5, 6, 7, 8 we should have 
four pairs of holes supporting each other when fired 
simultaneously, the relative power of each pair 
being 

2 X 2 9i ^ 58^ ^ J .g 

2(i3i + 2 X i|inch; 31I ^' 
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Consequently, for the four pairs of holes fired 
simultaneously, we shall have 

^ = 1-85 X 0-9 = 1-67, 
that is, their combined shearing power is not equal 
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Fig. 49. 



to a greater line of resistance than 

I foot 9 inches x i '67 = 2 feet 1 1 inches, 

which is reduced by the small angle of the holes, 
namely, 20° with the line of resistance, to ? feet 
II inches x '88 = 2 feet 7 inches, whereas the 

K 
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actual line of resistance is 3 feet 3 inches. If the 
line of resistance be i foot 9 inches for i|-inch 
holes, it will be 2 feet for the i J-inch diameter holes, 
Nos. I, 2, 3, 4, but as these holes are placed at a 
less angle than 90^ with the line of resistance, they 
are only equal to a line of resistance of 2 feet x " 88 
= I foot 9 inches. 

It will therefore be seen that there is a saving in 
the expense of boring by the shorter No. i, 2, 3, 4 
holes, and moreover the charge is better placed for 
doing the work, so that a better result is obtainable. 

The order of firing the shotholes is as follows : — 

I St volley, Nos. i, 2, 3, 4, simultaneously. 

2nd volley, Nos. 5, 6, 7, 8, simultaneously. 

3rd volley, 9, ID, II, 12, either simultaneously 
or consecutively. 

4th volley, Nos. 13, 14, 15, 16, either simul- 
taneously or consecutively. 

5th volley, 17, 18, 19, 20, either simultaneously 
or consecutively. 

The effect will be precisely the same whether 
the enlarging shotholes are fired simultaneously or 
consecutively. 

85. Side Cut in Headings, — The side cut offers 
the very important advantage, when only one rock 
drill is employed in a heading, that all the holes may 
be drilled most advantageously with one fixing of 
the tunnel column. It is specially applicable when 
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the heading is proceeding in the same line with 
vertical strata, or in a vein or lode, as this will 
enable the breaking-in shots to be located in the 
most favourable position for "unkeying" the rock 
along a joint or wall on the side. Figs. 50 and 5 1 




Fig. 50. 



are an example of how the holes are placed in 
' moderately strong rock, there being supposed to be 
a joint or wall at the side ; where there is no joint 
or wall to facilitate the " unkeying'* of the rock, two 
additional breaking-in shotholes, i and 2 as shown 
i^ FJg- 54» will be necessary. 

K 2 



132 THE PRINCIPLES OP ROCK BLASTING 

The line of resistance being 2 feet 7 inches for a 
I inch diameter hole charged with gelatine dyna- 
mite, eleven i-inch shotholes are necessary to 
remove the section of rock ^, b, c^ dy giving an 
advance of 3 feet 3 inches in a heading 7 feet x 
6 feet 6 inches. The holes should be fired in the 
following order : — 

I St volley, Nos. i, 2, simultaneously. 
2nd volley, Nos. 3, 4, 5, consecutively. 




Fig. 51 



3rd volley, Nos. 6, 7, 8, consecutively. 
4th volley, Nos. 9, 10, 11, consecutively. 

Figs. 52 and 53 are another example of the side 
cut when the line of resistance is 2 feet 3 inches, or 
for strong rock in case there is a joint or wall at the 
side. The number of i inch diameter holes required 
under these conditions for a lineal advance of 3 feet 
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3 inches is 14, which should be fired in the following 
order : — 

I St volley, Nos. i, 2, simultaneously or consecu- 
tively. 

2nd volley, Nos. 3, 4, 5, 6, consecutively. 




Fig. 52. 

3rd volley, Nos. 7, 8, 9, 10, consecutively. 

4th volley, Nos. 11, 12, 13, 14, consecutively. 

Figs. 54, 55 and 56 are a further example of 
the side cut for a heading 7 feet x 6 feet 6 inches, 
when the rock is very hard and tight, 23 i^^ inch 
diameter holes being employed. This diameter 
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hole is equal to a line of resistance of i foot 
3 inches in such rock when charged with gelatine 



mm 




Fig. 53. 




Fig. 54. 
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dynamite. Nos. i, 2, 3, 4 are the breaking-in shots, 
Nos. I and 2 being fired first simultaneously, and 
then Nos. 3 and 4 simultaneously. The enlarging 




Fig. 55. 



S w 




shots are then fired consecutively as follows : first, 
Nos. 5, 6, 7, 8 ; second, Nos. 9, 10, 11, 12 ; third, 
Nos. 13, 14, 15, 16; fourth, Nos. 17, 18, 19; fifth, 
Nos. 20, 21, 22 and 23. The 23 holes will advance 
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the heading 3 feet 3 inches, the charge for each hole 
being about | lb., and for the advance of 3 feet 
3 inches, 23 x | = 17J lbs. of gelatine dynamite. 

86. Square Cut in a Shaft or Rise. — For sinking 
a rectangular shaft or driving up a rise the square 
cut is best adapted, as it facilitates the boring of the 
holes. In a shaft 14 feet x 8 feet, if the coefficient 
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Fig. 57. 

of the rock is '024. for the explosive to be used, 
and i^ inch diameter holes be bored, to sink the 
shaft 3 feet 6 inches, 42 holes will be required as 
indicated in Figs. 57, 58, 59, 60, 61, the holes being 
^o placed as to give a line of resistance of i foot 
9 inches to each, in accordance with the fommla 
A 



W = 



CS 



The best result will be obtained 



when the charges are fired in the following order :- 
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I St volley, Nos. i, 2, 3, 4, simultaneously. 
2nd volley, Nos. 5, 6, 7, 8, simultaneously. 




Fig. 59. 

3rd volley, Nos. 9, 10, consecutively. 
4th volley, Nos. 11, 12, 13, 14, 15, 16, 
simultaneously. 



17, 18, 
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5th volley, Nos. 19, 20, 21, 22, 23, 24, 25, 26, 
simultaneously. 
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Fig. 61. 
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6th volley, Nos. 27, 28, 29, 30, 31, 32, n, 34, 

simultaneously, 
7th volley, Nos. 35, 36, 37, 38, 39, 40, 41, 42, 

simultaneously. 
If the coefficient of the rock has been found for 
gelatine dynamite, each hole should have a charge 
of f lb. of this explosive, and consequently the total 




Fig. 62. 



weight of gelatine dynamite required to sink the 
shaft 3 feet 6 inches would be 

I lb. X 42 3= 31^ lbs. 

If, however, the coefficient of the rock is '018 
for gelatine dynamite, or the line of resistance is 
2 feet 4 inches for a i^ inch diameter hole, then 
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only 24 such holes will be required as illustrated in 
Figs. 62, 63 and 64. The charge for each hole 
will be the same as in the preceding example, viz. 
I lb., and the charges fired as follows : — 

I St volley, Nos. i, 2, simultaneously. 
2nd volley, Nos. 3, 4, simultaneously. 
3rd volley, Nos. 5, 6, consecutively. 




Fig. 63. 



4th volley, Nos. 7, 8, 9, 10, 11, 12, simul- 
taneously. 
5th volley, Nos. 13, 14, 15, 16, 17, 18, simul- 
taneously. 
6th volley, Nos. 19, 20, 21, 22, 23, 24, simul- 
taneously. 
The total weight of gelatine dynamite required 
for sinking 3 feet 6 inches in this case is f lb. 
X 24 = 18 lbs. 
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87. Centre Cut in a Circular Shaft. — On the 
other hand, the centre cut is most suitable for sink- 
ing a circular shaft. For instance, if it is required 
to sink a circular shaft 10 feet in diameter, and the 
coefficient of the rock is '021 for gelatine dynamite, 
or corresponding to a line of resistance of i foot 
10 inches for i^ inch diameter holes, 24 such holes 
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Fig. 64. 



will be necessary to sink the shaft 3 feet 6 inches^ 
if placed as indicated in Figs. 65, 66, 67. The 
charges should be fired in the following order : — 

I St volley, Nos. i, 2, 3, 4, simultaneously. 
2nd volley, Nos. 5, 6, 7, 8, simultaneously or 
consecutively. 
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3rd volley, Nos. 9, 10, 11, 12, simultaneously or 
consecutively. 





Fig. 65. 
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4th volley, Nos. 13, 14, 15, 16, simultaneously 

or consecutively. 
5th volley, Nos. 17, 18, 19, 20, simultaneously 

or consecutively. 
6th volley, Nos. 21, 22, 23, 24, simultaneously 

or consecutively. 
A very good result is also obtained when all 
the holes comprising the last two volleys are fired 
simultaneously. 

section through CO. 
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The total weight of explosive required for 
sinking the shaft a depth of 3 feet 6 inches is 

24 X I lb. = 18 lbs. 

88 Diagrams of Holes for Headings and 
S/tafts, — It is obvious that the diagrams are applic- 
able to any length of line of resistance, if such length 
be taken as the scale of the diagrams. 
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CHAPTER XVII. 

SAFETY FUSE. 

89. The ''Miners Safety Fuse'' was invented 
by William Bickford of Tuckingmill, Cornwall, and 
patented by him in 183 1, to provide means of con- 
veying fire to the charge in blasting, which would 
obviate the various dangers then inseparable from 
that operation, and thus avoid the distressing acci- 
dents constantly occurring in the mining district in 
which he resided, chiefly from premature explosion 
of charges. 

Since its invention it has been greatly improved, 
and is now universally employed as the means of 
firing the charge in every kind of mining, quarrying, 
and subaqueous blasting, both with powder and the 
various modern explosives. 

Good safety fuse will burn with certainty at the 
rate of about 2 feet per minute, and be capable of 
resisting considerable pressure without injury. For 
wet ground, it should be of such a character as to 
admit of being used without protection. 

90. Principal Kinds of Fuse. — Safety fuse may 
be described as a cord of hemp or gutta-percha. 
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carrying a column of fine gunpowder in its centre 
(see Fig. 68), and covered with one or more coats 
of tape and varnish. The following are 
the principal kinds made by Messrs. 
Bickford : — 

No. I {Small Safety Fuse) is the 
cheapest and smallest kind of fuse made, 
and is recommended only for immediate 
use in dry ground. 

No. 2 {Safety Fuse) is adapted for all 
ordinary blasting in dry ground. 

No. 3 ( White Safety Fuse) is adapted p^^ ^ 
for use in dry ground and in close places, 
as it emits little smoke in its combustion. It 
burns without flame and is, therefore, especially 
suited for use in collieries. 

No. 4 {Red Safety Fuse) is somewhat similar to 
No. 3, but it is rendered considerably more damp- 
proof. 

No. 5 {Double Wove Fuse). This is a black 
varnished fuse, intermediate in size between Nos. 2 
and 6, and in damp-resisting power between Nos. 4 
and 6. It is a very serviceable fuse for general 
purposes. 

No. 6 ( Thread Sump Fuse), This fuse is adapted 
for use in damp ground, and is so prepared as to 
resist the action of any moderate degree of humidity. 
It will bear rougher treatment, both before it is 
used and during the process of tamping, than the 
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preceding kinds, and is strongly recommended 
where careful handling by the operatives cannot 
be relied on. 

No, 7 {Small Tape Fuse). This consists of the 
addition of a coating of tape and extra varnish to 
No. I fuse, to enable it to stand a much greater 
degree of wet and pressure, but it is only recom- 
mended for immediate use and home service. 

No. 8 {Tape Sump Fuse). This fuse is adapted 
for use in wet ground. It is so protected as to 
operate efficiently when the tamping is saturated 
with water. 

No. 9 {Double Tape Sump Fuse). This fuse is 
intended for blasting in very wet ground. 

Nos. 10 and ii {Treble-Coun'ered and Thread- 
Countered Fuse). These fuses are covered with a 
larger quantity of protecting material than any of 
the preceding, and are, therefore, better able to 
withstand the roughest treatment and greatest pres- 
sure. Their increased diameter has prevented their 
use in some cases, but they have often been found 
extremely useful when the nature of the ground is 
not only wet but rough, and the tamping substance 
gritty and liable to cut. No. lo is rather the tougher 
of the two, and No. 1 1 the more waterproof. They 
are both designed for home service only* 

No. 1 2 {Small Gutta-percha Fuse). This is the 
smallest kind of gutta-percha fuse. It is extensively 
used as a substitute for No. 1 3, but it is not recom- 
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mended to be stored for any considerable time 
before use, nor in any case for deep subaqueous 
blasting. 

No. 1 3 {Gutta-percha Fuse), This fuse is adapted 
for subaqueous blasting, . where it is not liable to 
much motion from waves or currents, nor subjected 
to great pressure. It has answered its intended 
purpose after it has been under water for 24 hours, 
with a pressure of 40 lbs, to the inch, this being 
equivalent to the weight of water at a depth of 
more than 90 feet 

N.B. 100,800 coils of this fuse were used in 
excavating the Manchester Ship Canal. 

Na 14 {Tape Gutta-percha Fuse), This fuse 
consists of the application to No. 13 fuse of an 
exterior protecting coating of tape and composition 
varnish, which not only somewhat increases its water- 
resisting properties, but delays the oxidation of the 
gutta-percha; it consequently retains its efficiency 
for a much longer time, and is therefore well 
adapted for service in distant countries. This fuse 
is extensively used by the Indian and Foreign 
Governments, and is highly recommended for use 
in tropical countries, owing to the effect of these 
climates in oxidising unprotected gutta-percha. It 
is made in two sizes. 

No. 15 {Double Gutta-percha Fuse). This fuse 
is far stronger and more waterproof than Nos. 12, 
13 and 14, being protected and strengthened by an 

L 2 
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additional coating of gutta-percha and other ma- 
terial. It will act in a greater depth of water, and 
bear a greater strain than the preceding. After 
having been twenty-four hours under water, it burns 
freely with a pressure of 140 lbs. to the inch, this 
being equivalent to the weight of water at a depth 
of more than 300 feet. It is made in two sizes. 

No. 16 {Impermeable Subaqueous Fuse). This 
fuse is specially made to order for the deepest sub- 
marine blasting. 

Nos. 17, 18, 19 and 20 {Metallic Fuses). These 
fuses have many objectionable features, and cannot 
be recommended. 

No. 21 {Gutta-percha Countered Metallic Fuse). 
This fuse, like the four preceding, has many objec- 
tionable features, and will not withstand rough 
treatment. It has, however, been found valuable 
where resistance to great pressure is required, but 
without severe tension, and may be said to provide 
the maximum resistance to pressure, relatively to 
a minimum of diameter. 

No. 22 {Treble Wove Fuse). This fuse has been 
extensively used, and is found well suited to all the 
ordinary requirements of blasting in mines, quarries 
and railway works. It combines a waterproofing 
almost equal to No. 9, with great toughness and 
firmness, and a small diameter. 

No. 23 {White Tape Fuse), This fuse is similar 
to No. 8, having many of the advantages of No. 3, 
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together with a degree of waterproofing almost equal 
to No. 8. The varnish of this fuse is not susceptible 
to effect from a high temperature ; and it is there- 
fore strongly recommended for use in warm climates. 

No. 24 ( White Double Tape Fuse). This fuse is 
similar in construction to No. 9, but, having a white 
exterior varnish, is more suited for use in hot coun- 
tries. 

No. 25 {Colliery Fuse). This fuse was designed 
as a means of obviating the dangers previously at- 
tending the use of safety fuse in fiery or gaseous 
collieries, as pointed out in the Report of the Royal 
Commission on Accidents in Mines (1886), and to 
meet the requirements of the new Colliery Acts. 
It is guaranteed to burn without emitting flame or 
sparks laterally ; and, used in conjunction with 
Bickford's patent safety lighter and patent nippers, 
is one of the best as well as one of the simplest 
means for conveying fire to the water-cartridge or 
other charge in the most fiery or gaseous pits with 
safety. 

For certain slate quarries in England and Wales, 
where very deep boreholes, charged with unusually 
large quantities of powder, are employed, it is an 
object of great importance to convey the fire to the 
bottom of the charge, instead of exploding it at or 
near the top, as would be the case with ordinary 
fuses, for which purpose the colliery fuse No. 25 is 
most suitable. 
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No. 26 {White Treble Wove Fuse). This fuse 
consists of a substitution of white varnish for black 
on a fuse similar to No. 22. It possesses the same 
general suitability to all ordinary blasting require- 
ments, together with special adaptation for exporta- 
tion to tropical climates, changes of temperature 
having no deteriorating effect on the covering. 

No. 27 {White Countered Gutta-Percha Fuse). 
This fuse consists of the application of a yarn cover- 
ing with an exterior white varnish to a small gutta- 
percha fuse. Its advantages are that it is rendered 
waterproof by its gutta-percha covering, whilst its 
protecting yarns make it tough and durable, and the 
finishing varnish does not become either adhesive or 
brittle under extremes of temperature. 

N.B. — 138,369 coils of this fuse were used in 
driving the Severn Tunnel, and 75,150 coils in the 
excavation of the Manchester Ship Canal. 

Those most commonly employed with dynamite, 
blasting gelatine, gelignite, gelatine-dynamite, tonite, 
and the other high explosives, are Nos. 3, 4, 5, 8, 9, 
13, 14, 23, 24, 25, 26 and 27. 

91. Applications of the Different Fuses, — The 
fuses of the above list are applicable as follows : — 

For dry ground, Nos. i, 2 and 3. 

For damp ground, Nos. 4, 5 and 6. 

For wet ground, Nos. 7, 8, 23 and 26. 

For very wet ground, Nos. 9, 10, 11, 12, 17, 22, 
24 and 27. 
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For under water, Nos. 13, 14, 15, 18, 19 and 20. 
For deep water, Nos. 15, 16 and 21. 
For slate quarries, Nos. i, 2, 3, 7 and 25. 
For fiery collieries, No. 25. 
For detonators, Nos. 3, 4, 5, 7, 8, 13, 14, 23, 25, 
26 and 27. 

92. Method 0/ Using Fuses, — With regard to 
the method of using safety fuse for igniting powder, 
one end of the required length of same is placed in 
the charge, and the hole then tamped with any soft 
substance (for example clay or rotten-stone), which 
will not cut the fuse. When the blasting agent is one 
of the high explosives a suitable detonator must be 
placed on the end of the fuse which enters the 
charge. After the charge has been properly tamped, 
the other end of the fuse should be directly ignited, 
and it will then slowly and surely burn to the charge 
if care has been taken to select that quality which 
the operation requires. 

In all subaqueous operations, great care must be 
taken that, at the union of the fuse and cartridge, 
there is a perfectly watertight joint ; and the fuse 
must be strengthened as much as possible both at 
and near the place of junction, to guard against the 
breaking of the joint, which would allow the water 
to soak into the charge.' 

93. Selection of Fuses for Different Climates. — 
Fuses Nos. 2, 5, 6, 8, 9 and 27 are supplied in a 

form specially suitable for exportation into either 
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warm or cold climates. That varnish which would 
be suitable for a cold country becomes soft and 
sticky if exposed to much heat ; while that suitable 
for a hot country becomes hard and brittle if exposed 
to great cold. This inconvenience is remedied by 
the special preparation of the varnish to suit any 
given temperature. Nos. 3, 4, 25 and 26 fuses need 
no such special preparation, being naturally suited 
for any climate. Nos. 23 and 24 fuses are perfectly 
safe in hot, but are not recommended for very cold 
climates. Of the gutta-percha fuses, No. 14 is the 
kind recommended for export. 

94. Storing of Fuses. — The fuses should be kept 
in a dry room, so that the powder may not be affected 
by damp, and they will retain their efficiency until 
the varnish has lost its essential oil. Care should 
be taken that they are not touched by any greasy or 
oily matter, as this rapidly penetrates through the 
varnish to the gunpowder, and prevents the proper 
burning of the fuse. Gutta-percha fuses, if kept as 
here described, will retain their efficiency as long as 
the gutta-percha does not become brittle through 
oxidation. 

If, through exposures to cold, the tar-varnish 
should become brittle or crack, so that there is a 
danger of the column of gunpowder in the centre of 
the fuse becoming damped in use, it may be remedied 
by very slightly greasing the varnish of the fuse 
immediately before it is used ; and if, through ex- 
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posure to heat, it should become soft and sticky to 
the touch, this may be obviated by rubbing into it 
a little whiting or any other similar powder. 

95. Fuse Lighter for Collieries. — Bickford's 
patent fuse lighter is an invention to ignite fuse 
without exposing spark or flame, and consists of a 
tin tube containing a tiny glass bead or tube filled 
with sulphuric acid, and embedded in a chlorate 
mixture. The fuse having been inserted into the 
open end, and the mouth of the lighter closed 
firmly, but not too tightly around it, is lighted by 
squeezing the centre of the tube with a suitable 
nippers supplied therewith, in consequence of the 
chemical action which takes place inside the tube on 
the release of the acid by the crushing of the glass 
bead, but which produces no objectionable external 
effect. 

These lighters are extensively used in the prin- 
cipal collieries, and the manufacturers assert that 
their colliery fuse, lighters and nippers together, 
provide the simplest and most economic means yet 
devised for conveying fire to the charge in gaseous 
or fiery pits with absolute security. The price of 
the lighter is such as to place it within the reach 
of every user of explosives. 

96. Patent Volley-Firer and Instantaneous Fuse. 
— The advantages of simultaneous firing, which 
were until recently obtainable only by means of the 
electric machines and appliances described in 
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Chapter XVIII., are now offered by the use of 
Bickford's volley-firer and instantaneous fuse. 




o 
£ 



The invention is exceedingly simple (see Fig. 69), 
a number of instantaneous fuses being united in one 
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recipient, termed the volley-firer, and simultaneously 
fired by means of a single ordinary safety fuse, 
which enters the volley-firer at the opposite end, as 
shown in the accompanying illustration. 

The volley-firers are supplied in forms and sizes 
suitable for all the various con- 
ditions of mining, quarrying 
and tunnelling, and containing 
any number of instantaneous 
fuses from two or three to six- 
teen (which may be of equal or 
different lengths), those con- 
taining even a larger number 
having frequently been used 
with greater success ; a single 
report being invariably given 
by the explosion of the different 
charges. 

The volley-firers are made in 
two ordinary forms. The one 
illustrated in Fig. 70 is the 
pattern used in general blasting 
in mines ; and the other, or T 




Fig. 70. 



pattern. Fig. 71, 
is more especially adapted for quarry and other 
surface work where it is sometimes desirable to bring 
down a large face of rock. 

To enable operatives to adapt the instantaneous 
fuses to any variable length suiting particular opera- 
tions, the inventors supply the volley-firers with 
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fuses looped as shown in Fig. 72, so that if the 
whole length of the fuse so looped is, say, 10 feet, 




FiGw 72. Fio. 73. 

the blaster can cut it into lengths of 3 feet and 
7 feet, 4 feet and 6 feet, or any proportions of 10, 
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without detaching them from the voUey-firers or 
affecting the simultaneousness of the explosion. 
Fig. 73 shows the voUey-firer after the loops have 
been cut. 

The operator should be careful to prevent any 
oil or greasy substance touching the instantaneous 
fuses. He should also be particular in fixing the 
instantaneous fuses into the cap or charge, so that 
the junction between safety fuse, disc, and instan- 
taneous fuses is not disturbed or loosened ; and he 
should always remember that the instantaneous fuse, 
which is coloured red, bums at a speed of about 
1 20 feet per second. 

The Bickford instantaneous fuse and voUey- 
firer have been proved in actual work to be a very 
useful auxiliary for firing several shots simultaneously, 
as it is equally effective, more convenient and cheaper 
in first cost than the apparatus required for electric 
firing. On the other hand, electric fuses are cheaper 
than instantaneous fuses, and electric firing will 
therefore be found more economical for blasting on 
a large scale. 
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CHAPTER XVIII. 

ELECTRIC SHOT-FIRING. 

97. Advantages of Electric Firing, — Electric 
shot-firing is in some cases conducive to economy 
in rock blasting, and is always advantageous from 
the safety point of view. Its advantages are 
now* fully established, and in connection with coal 
mining especially it has made rapid headway in late 
years. 

98. High and Low Tension Electricities for 
Electric Firing. — There are, as is well known, two 
kinds of electricity, called high tension and low 
tension, and high tension batteries to fire high ten- 
sion fuses or detonators, and low tension batteries 
to fire low tension fuses or detonators, the latter 
generally being termed quantity batteries. 

99. High Tension Batteries. — High tension bat- 
teries are smaller, lighter to carry, and cheaper to 
make than low tension, and are therefore in more 
general favour in this country, especially for single 
shot firing. The high tension of the electricity 
(about 1 80 volts) gives it a capacity to send a spark 
of fire across the small space between the joints of 
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two insulated wires of a fuse. Some sensitive 
chemical composition is placed between these points, 
the spark fires it, and this communicates the flash to 
the explosive in the detonator which surrounds the 
fuse. 

The great disadvantage with regard to these 
batteries, especially with those having permanent 
magnets, is that they are not constant, that is, that 
they soon lose their power and require to be sent to 
an electrician to be remagnetised ; and, further, the 
chemical composition in the fuse is liable to dete- 
rioration by time or damp. The composition also 
varies in its sensibility to ignition, thereby causing 
misfires. 

100. Low Tension Batteries, — The low tension 
or quantity batteries are not constructed to give a 
spark, but to heat a piece of platinum wire placed 
across the points of the wires of the fuse by means of 
a current of low tension electricity (about 2 volts), in 
the same manner as we see the wires of an electric 
lamp heated, and thereby causes the ignition of the 
priming composition in the fuse. 

The advantage of the low tension battery is that 
it will last for years without recharging or repairing, 
but it has the disadvantage of being larger, heavier, 
and more expensive (in first cost) than the high 
tension battery ; but this is of small account in an 
operation going on continuously, such as engineering, 
contractors* work, or sinking or driving headings, as 
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the battery is not then required to be carried about 
as it is in coal getting. 

A quantity battery requires a larger cable than 
a high tension one to fire many shots simultaneously 
at a long distance. 

TGI. High and Low Tension Detonators and 
Exploders. — Low tension detonators have several 
advantages over high tension ones, because the 
bridge being made of platinum wire, instead of a 
powdered chemical composition, is more stable, more 
accurate, and less liable to deterioration ; and fur- 
thermore (and this is the most important point) they 
can be tested in a few minutes by means of a gal- 
vanometer, and so proved to be good or bad. This, 
on the other hand, cannot be done with a high 
tension detonator, which, like a lucifer match, cannot 
be said to be good or bad till it is fired. It i*s evi- 
dent that there is a great advantage in being able, 
before commencuig work, to test the detonators, and 
throw aside any of doubtful quality. A man going 
to fire a hundred shots with high tension detonators 
cannot say how many will fire or fail ; whereas a 
man using low tension detonators can say, with 
almost absolute certainty, that all the hundred will 
fire, if he has tested them beforehand. This testing, 
moreover, does not delay him, as a hundred could 
be tested in a few minutes, and a galvanometer for 
this purpose is not an expensive instrument, and the 
use of it can be learnt in a few minutes. 
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Fig. 74 shows a sec- 
tional view of Abels low 
tension fuses with detona- 
tor removed, and Fig. 75 
a sectional view of Abels 
high tension fuses, as 
manufactured by Messrs. 
Siemens Brothers & Co., 
Ltd. Before firing, a de- 
tonator of suitable power 
is carefully inserted in the 
orifice in the wooden head. 

For high tension elec- 
tric blasting, a Siemens 
twistbar exploder, T class, 
may be highly recom- 
mended ; and for low ten- 
sion electric blasting, a 
Siemens twistbar exploder 
Q class. 

Fig. 76 gives an inside 
view of Siemens' magneto- 
electric mine exploder, 
which is built up of a 
number of powerful per- 
manent magnets, having 
between their poles a 
Siemens armature which 
is rotated by means of a 
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handle and toothed gearing. The working parts 
are enclosed in a strong dust-proof case of polished 




Fig. 76. 

teak, which is fitted with a substantial handle for 
carrying, also with terminals and firing key. 

The mechanism of the exploder is so arranged, 



AND THEIR GENERAL APPLICATION 163 

that current cannot possibly pass into the line while 
the handle is being turned, until the press button or 
key is pushed in. 

It is desirable, however (see directions for the 
use of exploders, Art. 108), to leave one leading 
wire at the exploder disconnected until all the 
connections at the shotholes afe completed, and 
until all persons have retired to a safe place. This 
necessary precaution applies to all types of mine 
exploders. 

These exploders weigh from 11 to 28 lbs., and 
are designed to fire from 10 to 35 high tension fuses 
in series. 

Fig, 77 is an illustration (with cover removed) of 
Siemens' dynamo-electric mine exploder, in which 
instrument electro-magnets are substituted for the 
permanent magnets of the magneto machines, and 
have between their poles a Siemens armature 
rotated as described above, and carrying a commu- 
tator, by means of which the currents of alternate 
direction generated in the armature are caused to 
flow only in one direction through the coils of the 
electro-magnets. These latter are in circuit with 
the wire of the revolving armature, and during rota- 
tion the residual magnetism of the soft iron electro- 
magnet cores at first excites weak currents, which 
passing into the coils, increase the magnetisation of 
the core, thus inducing still stronger currents in the 
armature wire. This accumulation by mutual action 

M 2 
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goes on until the limit of magnetic saturation of the 
iron cores is reached. 

The mechanism of this instrument is so arranged 




Fig. 77. 



as to break the short circuit existing in the instru- 
ment after every two revolutions of the driving 
handle, thereby causing the current to pass out into 
the line, through the distant fuses and back by the 



AND THEIR GENERAL APPLICATION 165 

return wire or earth to the instrument. The fuses 
being practically either an interruption of the circuit 
as in the tension fuse, or a great increase in its 
resistance by the interposition of a badly conducting 
substance as in the quantity fuse, the consequent 
action is that either a spark passes between the 
interrupted portions of the conductor, or the piece 
of bad conductor becomes highly heated, causing 
ignition of the explosive substance contained in the 
fuse. 

These exploders weigh from 28 to 73 lbs., and 
are designed to fire 28 to 50 high tension fuses in 
series. 

" Fig. 78 illustrates Siemens' latest form of dynamo- 
electric mine exploder in case, with lid open and 
fuses in position, which they have given the name of 
Twist exploder. 

In external appearance the machine presents a 
strong wooden case 14^ inches high, 8^ inches long 
and 5I inches wide, with leather shoulder strap for 
carrying purposes. The weight complete is about 
26 lbs. 

Inside this case, Fig. 78, is firmly fixed a series 
dynamo-electric machine, and on the axis of its 
armature, which is vertical, is fitted a pinion, which 
gears into a wheel mounted by a ratchet and pawl 
coupling on a screw spindle or " twist." The latter 
is fitted to revolve in two bearings, and has rapid 
screw-threads (similar to an Archimedean drill stock) 
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engaged by a nut, which is on a cross-head connected 
by two rods to a handle. These rods, which are 
carried through guides, project through the upper 
part of the machine. 

The apparatus is worked as follows : — 
The lid of the case, which can be secured by means 
of lock and key, is folded back on its hinges, expo- 
sing the handle and the terminals. In firing, the 
handle must first be pulled up slowly as far as it will 
go ; this causes the " twist " to revolve, but owing to 
the interposition of the ratchet and pawl, the arma- 
ture of the dynamo remains stationary. The ope- 
rator then pushes the handle quickly down, causing 
the ** twist " gear and armature to revolve rapidly. 
The current generated passes through the coils of 
the magnets, through the lower contact spring and 
bridge at the bottom of the machine, and through the 
resistance coil at the side, thereby exciting the field, 
and causing generation of increased current until the 
cross-head strikes the upper spring, which is pressed 
down into contact with the spring beneath, at the 
same time breaking the contact at the bridge, thus 
causing the current which is generated, and which is 
now at its greatest strength, to pass by the terminals 
into the cable, and to the fuses. 

The operation is best performed by placing the 
machine on the ground, and forcing the handle 
sharply down with both hands. Care must be 
taken that the terminals of the machine are not 
touched by any person during this operation. 
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102. Selection of Electric Fuses and Battery or 
Exploder. — Abel's detonator fuses, as manufactured 
by Siemens Bros., are probably the best, but are too 
expensive for very small blasts, in which case those 
manufactured on the Nobel system are to be recom- 
mended. 

Siemens T exploders have been proved to 
fire simultaneously the following numbers of 
Nobel's standard and reliance fuses in parallel, 
namely : — 

Exploder Ti, i6 fuses; exploder Tj, 20 fuses ; 
exploder Tj, 25 fuses. 

Up to 500 yards, the length of cable used makes 
no appreciable difference, and no appreciable altera- 
tion in the number of the above fuses which can be 
fired simultaneously in parallel. 

Siemens Q exploders have been proved to fire 
simultaneously the following numbers of Nobel's 
platinum fuses, coupled in series, and fired through 
100 yards cable with copper conductor, '040 of an 
inch, namely: — 

Exploder Qi, 5 fuses ; exploder Qa, 7 fuses ; 
exploder Q3, 10 fuses. 

With very sensitive fuses (Abels), and a strong 
battery, the arrangement in series may be adopted, 
but when these conditions are wanting, better results 
will be obtained with the parallel arrangement. In 
the series arrangement one faulty fuse may prevent 
ajl or spme of the others being fired, whereas in the 
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parallel arrangement, each fuse is independent of the 
other. 

The batteries used may be either magneto-electric 
or dynamo-electric machines. The former have 
been designed to meet the demand for an econo- 
mical and reliable machine for industrial blasting 
operations, and may be most highly recommended ; 
their price is about one-half of that of the dynamo- 
exploders. 

103. Choice of suitable Leading Wires and Cables. 
The choice of the most suitable leading wires and 
cables depends on the nature of the blasting opera- 
tions that have to be undertaken and the distance 
of the exploder from the shotholes. As a general 
rule, tinned copper wires insulated with gutta-percha 
should be employed for subaqueous work, and india- 
rubber covered wires for surface blasting on land and 
subterranean work. In cases where there is no 
likelihood of damage being caused to the wires 
leading from the exploder, unarmoured cables such 
as Siemens No. 142, No. 5276, No. 143, No. 5278, 
No. 7H, No. 7Q, No. 533 and No. 5274 can be used, 
these requiring two separate lengths of wire from 
the exploder to the shotholes ; or Siemens' concentric 
cables No, 5277, No. 5279, No. 5369 and No. 5275, 
or twin cables can be adopted. These latter types 
have the main and return wires together in one cable, 
so only one length is needed for connecting the 
exploder with the fuse. When the operations are of 
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such a nature as to necessitate the use of armoured 
cables, Siemens types of cables No. 6385, No. 6386, 
No. 6383 and No. 6384 should be used, the armour- 
ing of which can be utilised for the return half of the 
circuit. 

104. Precautions to be taken to ensure Insulation 
of Joints and Wires, — In electrical blasting it is of 
the first importance that each joint in the fuse wires, 
and the joints between the wire of each end fuse 
and the leading wires or cables from the machine 
should be so well protected as to avoid any chance of 
earth contact or short circuit. The bared conducting 
wires, after having been scraped clean, are twisted 
together, and then, in the case of gutta-percha- 
covered wire, slightly smeared with Chatterton com- 
pound and covered helically with a narrow strip of 
thin gutta-percha sheet, which is pressed by means 
of moistened fingers around the twisted wires until 
they are quite insulated. As regards india-rubber- 
covered wires, the insulating material should be 
removed for about one inch from the end, and a 
short piece of india-rubber tube slipped over one of 
the cores ; the conducting wires are then cleaned, 
twisted together, the india-rubber tube slipped over 
them, and tied at each end tightly over the insula- 
tion of each core. In situations where it might be 
troublesome to cover the temporary joints in gutta- 
percha wires in the way described above, the method 
with the india-rubber tube can be employed. 
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105. Testing Low Tension Fuses with Galvano- 
meter. — In testing low-tension (platinum) fuses with 
the galvanometer, care must be exercised to put 
the fuse several inches into an iron pot, pipe or 
other suitable receptacle before connection is made 
with the galvanometer. When this is done the fuse 
wires are connected to the terminals. If the needle 
moves, the fuse is good, and if it remains stationary 
it is bad. Only one fuse should be tested at a 
time. High tension fuses cannot be tested in this 
way. 

1 06. Fitting of Electric Detonator Fuse to Charge. 
The electric fuse is fitted to the last cartridge of a 
charge in the following manner. A hole is made in 
the cartridge by means of a small pointed wooden 
stick, and the detonator, attached to the fuse, pressed 
lightly into the hole until it is completely buried in 
the cartridge, the operator then tying the cartridge 
paper lightly over the wires with a piece of twine to 
prevent the withdrawal of the fuse from the explosive. 
The cartridge is then gently pressed into a borehole 
by the wooden tamping rod, and the tamping carried 
out in the usual manner. 

107. Connecting 0/ Wires to Fuses for Firing in 
Series or Parallel, — The method of connecting the 
wires for firing in series or in circuit is illustrated in 
Fig. 79, and Fig. 80 shows the method of attaching 
four high- or low-tension fuses in direct contact or in 
parallel. The same methods are applicable to any 
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larger number of fuses that may be exploded by the 
high- or low-tension battery employed. 

For single shot firing the one wire of the fuse is 
first connected to one end of one of the two conduct- 
ing wires of the cable and the other wire of the fuse 




Fig. 79. 

to one end of the other conducting wire, and then 
the other ends of the conducting wires to the two 
terminals of the exploder. 

For firing several shots in series or in circuit, 
Fig. 79, the fuse wires are connected so that one of 
the wires of the first shot, taken in the order of the 
series in circuit, is connected to one of the wires of 



p 
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the second shot, and the other wire of the second 
shot to one of the wires of the third shot, and so on 
in succession until the whole series is so connected. 
The second wire of the first shot is then joined to 
one end of one of the conducting wires of the cable, 
and the second wire of the last shot to one end of 
the other conducting wire. Finally the other ends 
of the conducting wires are connected to the ex- 
ploder to complete for firing. 

For firing in direct contact or in parallel. Fig. 80, 





Fig. 80. 

one wire of each fuse is connected direct to one end 
of one of the conducting wires, and the other wire of 
each fuse to one end of the other conducting wire, 
whereupon the other ends of the conducting wires 
are connected to the exploder as before. 

108. Directions for Use of Exploders. — The ends 
of the leading wires for attachment to the exploder 
must be scraped until a clean metallic surface is 
obtained, then connected to the two terminals of the 
exploder and tightly clamped by means of the milled 
heads. It is advisable to leave one leading wire at 
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the exploder disconnected until all the connections at 
the shotholes are completed. The leading wires or 
cables must be brought to a place where the operator 
can stand in perfect safety from the blast. 

To fire with Siemens' magneto-exploders, when 
the final connection has been established, it is firmfy 
held down whilst the handle is turned several times, 
and as soon as a good speed has been obtained the 
press button at the side of the case is suddenly 
pushed in while the handle of the machine is still 
being turned at the highest speed, so that the maxi- 
mum current of the machine is sent into the line. 
The handle must not be turned slowly, as this would 
produce a weak and uncertain current, and the press 
button must not be touched till the full power of the 
machine is developed, that is, when the handle is 
being turned at the highest attainable speed. 

In using Siemens' dynamo-exploders, before com- 
pleting at the machine the final connection of the 
current, the handle of the exploder must be slowly 
turned until a click is heard. The handle is then 
left at rest, the two leading wires are clamped to the 
terminals of the exploder, then with two or three 
rapid turns of the handle the current is developed, 
and sent automatically into the circuit of the leading 
wires and fuses. If the dynamo quantity exploders 
are fitted with a press button or firing key, as in the 
case of the magneto-exploders, in place of the auto- 
matic firing arrangement the handle of the machine 
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is rapidly turned, and when a good speed is got up, 
the key is pressed down to send the current into the 
circuit. 

The working of Siemens' twist exploder is ex- 
plained in Art. loi. 

As regards the use of the rackbar exploder, the 
connections of the cable to the two terminals of the 
exploder should not be made until everything is 
ready for firing, and all persons have retired to 
safety. In firing, the handle must be pulled up as 
far as it will come, and then forced down as quickly 
as possible. These operations are best performed 
when both hands are used together. The hand 
must not touch the terminals of the exploder during 
shot-firing. 

Immediately after completing the firing the 
operator should first disconnect the cable from the 
exploder, then disengage it from any chance debris 
which may have fallen upon it, and coil it up. This 
instruction should be followed even when by defec- 
tive manipulation a misfire has occurred. 

109. Points to be attended to in Electric Blasting. 
It may be well to point out that electrical blasting 
has not been as successful as it should have been, 
because it has been carried out by men with no 
knowledge of electricity, and without any oppor- 
tunity of learning the elementary principles. A 
missed shot was immediately attributed to bad elec- 
tric fuses, whereas it was often caused by an unsuit- 
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able or insufficiently charged battery, an inferior 
leaky cable, wrong handling, or dirty, verdigrised 
implements. 

To ensure success the following points must be 
attended to : — 

1. That the battery, wire and detonators are 
suitable to each other. 

2. That the battery is of sufficient power. 

3. That the electric fuses, especially high tension 
ones, are stored in a dry place, and that everything 
is kept as dry and clean as possible. 

4. That all the joints are bright at the point of 
contact of the wires, and well made, and that the 
joints do not touch each other. 

5. That the wires do not kink or twist so as to 
cut the insulation during the process of tamping. 

N.B. — If the insulation is cut the fuse is useless 
for wet ground or a wet hole, and should be set 
aside. 

6. That the operators' hands do not touch the 
terminals of the battery when firing. 

7. That the battery is not connected to the cable 
until every man is in safety. 

In cases where only short lengths of conducting 
wires are employed, and these are frequently shifted 
or subjected to such rough usage as would endanger 
the insulation of the cable, the use of electricity of 
small electromotive force is advisable, for this will 
pass without loss through a cable with faults in the 
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insulation, through which currents of greater force 
would readily escape. In such cases, therefore, the 
quantity exploder should be selected. On the other 
hand, where the conducting wires remain for the 
greater part of their length undisturbed, high tension 
electricity is preferred, because its greater power of 
overcoming resistance enables it to fire a larger 
number of fuses through longer distances. On this 
account the tension exploder is better suited for the 
firing of a large number of fuses simultaneously 
through long circuits. 



N 
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CHAPTER XIX. 

ON EXPLOSIVES AND THEIR SELECTION FOR 
ROCK BLASTING. 

no. -^ Good Explosive must, be reasonably safe 
to handle, transport and store under ordinary con- 
ditions, and allow of such amount of rough usage as 
it may fairly be expected to meet with, and should 
not give off actively poisonous gases or vapours, nor 
deleterious ones, either before or after explosion. 

III. List of Explosives for Rock Blasting, — The 
following explosives, which are divided into five 
classes, fulfil the various requirements of strength, 
safety, handiness and economy for rock blasting, and, 
excepting rack-a-rock, were authorised for manu- 
facture in, or importation into the United Kingdom 
on January ist, 1897. 

Class I. Gunpowder. 
Ordinary gunpowder in grains or pellets. 
Compressed gunpowder. 

Class 2. Nitrate Mixture. 
Chilworth special powder. 
Dahmenite A. 
Electronite No. 2. 
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Fortiss explosive No. i. 
Safety blasting powder. 
Westfalite. 

Class 3. Nitro - Compounds. 

Amberite No. i, 

„ No. 2. 
Ammonite. 
Ardeer powder. 
Ballistite. 
Bellite. 

Blasting amberite. 
Blasting gelatine No. k 
No. 2. 
Carbo-dynamite. 
Carbonite. 
Collodion cotton. 
Di-flamyr. 
Dynamite No. i. 

„ No. 2. 
Electronite No. i. 
Faversham powder. 
Guncotton. 

Gelatine-dynamite No. i. 
No. 2. 
Kynite. 
Lithofracteur. 
Matagnite gelatine. 
Nitrated guncotton. 
Oarite. 

N 2 
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Potentite. 

Primers for gelatines. 
Roburite No. i. 
„ No. 2. 
No, 3. 
Stonite. 

Rosslyn blastite. 
Schultze blasting powder. 
Tonite, or cotton-powder, No. i. 

No. 2. 

No. 3. 

Class 4. Chlorate Mixture. 

In the United Kingdom there are no authorised 
explosives of this class. 

Rack-a-rock is an explosive of this class, of 
which 240,399 lbs. were used in conjunction with 
42,331 lbs. of dynamite for the removal of the Hell- 
Gate Rocks in America in 1885. 

Class 5. 

Pure fulminate of mercury, either alone or mixed 
with chlorate of potash, for detonators. 

112. High and Low Explosives. — For the pur- 
pose of rock blasting, explosives have been divided, 
as before explained, into two classes, viz. ** high " and 
•*low.'' Class I is invariably low, but the others are 
more or less high, according to their composition. 
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From their action being comparatively slow, the 
low explosives are most suitable for quarrying rock 
and coal in large blocks, and the high explosives 
when it is desired to shatter the rock and excavate 
it in the most economical and expeditious manner. 
The former are therefore generally adopted for 
quarrying rock for building purposes, and the latter 
for tunnelling, the driving of headings and levels, 
and shaft sinking, when rock has to be excavated. 

1 1 3. Influence of the Strength and Density of an 
Explosive on the Cost of Boring Holes. — For blasting 
hard rock, the economical value of an explosive 
depends chiefly on its strength and density, as the 
cost of the boreholes or chambers which have to be 
bored will depend on these qualities. For instance, 
if the density of ordinary gunpowder is i • 00, and 
of dynamite i ' 6, and the latter is two and a half 
times as strong as the former weight for weight, the 
relative size of chamber required for the dynamite 

as compared with the powder will be -— — = ^th. 

Consequently, fewer holes will have to be bored for 
dynamite than for ordinary gunpowder. The cost 
of boring the holes is generally the most important 
consideration in blasting hard rock, as it is the chief 
item of the total cost, varying approximately iu 
inverse ratio to the comparative strength by volume 
of the explosive used. 

\\^ A very valuable quality for an explosive 
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is that it should be plastic. . A borehole cannot be 
charged with any rigid explosive without bearing 
air interstices, which cause a loss of blasting power. 

115. Methods of Reducing the Shattering Effect 
of the High Explosives. — The shattering effects of 
high explosives on rock may, when desirable, be 
greatly reduced by either of the following methods. 

a. By adopting such form of chamber as will 
contain a small charge, and yet give a comparatively 
large area of pressure therein to the gases from the 
explosion. 

b. By distributing the charge in several shot- 
holes of small diameter spaced equally apart in 
a row, and fired simultaneously, instead of one shot- 
hole of larger diameter to do all the work, so that 
the shock of the explosion is distributed in the rock. 

c. By filling the shotholes in {c) with water, and 
firing a small quantity of the high explosive on the 
top of each column of water simultaneously, so that 
thereby only just sufficient hydraulic pressure is set 
up in the holes to crack the rock from its bed. 

The high explosives may, therefore, be advan- 
tageously adopted for blasting rock for building 
material, as well as for other purposes. 

116. Advantages of Gunpowder. — When the co- 
hesion of a mass of rock is small, as when it is cut 
up into blocks by joints or natural divisions, and 
the rock is to be used for building material, and 
boreholes of small diameter will contain sufficient 
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gunpowder or low explosive to crack and eject the 
rock from its bed, there is manifestly a great ad- 
vantage in using this explosive, as it is cheaper and 
has less tendency to shatter the rock. 

117. Relation between the Maximum Lines of 
Resistance wkich may be Blasted in Homogeneous 
Rock with Shotholes of one diameter^ charged with 
different Explosives^ and the Maximum Pressures 
developed by such Explosives. — If the maximum line 
of resistance be W, which a charge of one explosive, 
when applied in a borehole of a given diameter, 
will overcome in homogeneous rock, then it is evi- 
dent that we can put for the resistance, 

R = SWK,; 

and, on the contrary, for a charge of another explo- 
sive in the same rock, if the line of resistance be Wj 

Ri = S W, K,. 

The ratio of these resistances is 

R, _ SW,K, _ W, 
R " S W K, "■ V/ • 

For the shearing force of the one charge we have 

P = M A, 
and for the other 

P, = Ml A. 

M and Mi being the maximum pressures per unit of 
surface that can be developed by the different ex- 
plosives in the chambers in which they are applied. 



i84 THE PRINCIPLES OF ROCK BLASTING 
Hence, the ratio of these forces is 

P "" MA "" M • 

To obtain the maximum effect from a blast, the 
force must be just equal to the resistance, or we 
must have P = R and Pj = Rj. 
Therefore 

Pi^Ri. 
P " R ' 

and as 1-^ = ^andji = ^\ we have 
P M R W 

M" W * 

Hence, the maximum pressures developed by 
explosions in homogeneous rock of the same cohe- 
sive strength are proportional to the maximum 
lines of resistance that can be sheared by similar 
volumes of charge exploded in boreholes of one 
diameter. 

The above relation may be used with great ad- 
vantage for the testing of the comparative strength 
of explosives for blasting. 

1 1 8. Explosives most generally employed for 
Rock and Coal Blasting. — The following explosives, 
which may be divided into high explosives, low 
explosives, and safety explosives, are those most 
generally employed for rock and coal blasting and 
are, therefore, selected for description. 
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High Explosives. 

Dynamite. 

Gelignite. 

Gelatine-dynamite. 

Blasting gelatine. 

Tonite or cotton-powder. 

Blasting amberite. 

Electronite. 

Low Explosives, 

Ordinary gunpowder. 
Compressed gunpowder. 

Safety Explosives, 

Ammonite. 
Ardeer powder. 
Bellite No. i and No. 3. 
Carbonite. 
Dahmenite A. 
Electronite No. 2. 
Roburite No. 3. 
Westfalite. 

119. Dynamite. — Dynamite is an admixture of 
nitro-glycerine with a porous infusorial earth called 
Kieselguhr, which consists mainly of silica. 

Dynamite No. i consists of about 75 parts by 
weight of nitro-glycerine and 25 parts by weight of 
Kieselguhr, and some other substances which are 
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sufficiently absorbent to prevent exudation of the 
nitroglycerine. 

Dynamite No. 2 is milder and slower in its action 
than dynamite No. i, and was introduced to compete 
with gunpowder where the great power and local 
shattering effect of No. i dynamite was undesirable, 
for instance in slate and granite quarries, but it is 
now little used in this country. It consists, according 
to Major Cundell's * Dictionary of Explosives,' of not 
more than 1 8 parts by weight of nitro-glycerine mixed 
with 82 parts by weight of a preparation composed of 
nitrate of potassium 71 parts, charcoal not less than 
ID parts, ozokerit i part. 

Dynamite is a plastic mass varying in colour from 
buff to reddish brown. The direct contact of water 
disintegrates it with a separation of the liquid nitro- 
glycerine, and when used in wet places it should be 
protected from contact with water. When ignited 
in small quantities it simply burns away fiercely, but 
fatal accidents have arisen by warming it upon a 
shovel, in an oven, and in various other ways. If it 
be warmed up to a temperature approaching the 
exploding point (about 350° F.), it becomes exceed- 
ingly sensitive to shock or blow, and once that point 
is reached, it does not simply ignite, but explodes 
with great violence. It is exploded by detonators, 
and it is of the highest importance that complete 
detonation should be effected, not only to obtain the 
full effect of the explosive, but to avoid the formation 
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of noxious gases. In cold weather it congeals, and 
must be thawed before use. 

It is supplied in cartridges of any size, and has a 
specific gravity of i ' 6. 

120. Detonators. — Detonators are metallic cap- 
sules, usually of copper, resembling very long per- 
cussive caps, charged with a small quantity of pure 
fulminate of mercury, or a mixture of the same 
with chlorate of potash, and occasionally other sub- 
stances. They are usually made in eight sizes, and 
according to their strength are numbered i to 8, 
No. I being the weakest and No. 8 the strongest. 
No. 3 detonators should be used for ordinary dyna- 
mite, and Nos. 6 and 7 for blasting gelatine, gelatine- 
dynamite, gelignite, tonite, blasting amberite and 
electronite, 

121. Gelignite. — Gelignite is an explosive com- 
pound consisting of nitro-glycerine and nitro-cellulose 
with a certain proportion of nitrate of potash and 
wood-meal, or, in other words, it is a form of gelatine- 
dynamite, and is the latest form of the gelatinous 
explosives invented by Mr. Alfred Nobel. Being a 
plastic compound, it will on being tamped fit accu- 
rately and easily into any borehole, thus entirely 
preventing the formation of an air chamber, which in 
the case of gunpowder and other rigid compounds 
may reduce the explosive force by fully 10 per cent. 
It is practically unaffected by immersion in water, 
and when detonated by Nobel's gelatine detonators. 
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which are required to develop its full energy, no 
noxious fumes are produced by its explosion ; and 
being more insensible to shock than dynamite, it is 
therefore a safer and even more reliable explosive ; 
moreover, its action is slower and it has a much less 
local shattering effect. Like all nitro - glycerine 
explosives it is liable to become congealed in cold 
weather, and somewhat insensitive even at a tempe- 
rature as high as 45° F., and is then unsuitable for 
charging boreholes; but it can be safely and readily 
thawed for use by putting the cartridges into a 
watertight vessel, and then placing such vessel in 
warm water. The specific gravity of gelignite is 

x-55- 

Gelignite is supplied in cartridges of any size, and 

may be highly recommended for pitsinking, quarry- 
ing and tunnelling, metalliferous mining, limestone 
blasting, blasting in damp workings and for sub- 
marine blasting and harbour or dock works. 

The advantages of gelignite over dynamite are : — 

1. It is relatively cheaper. 

2. Its explosive energy is greater by fully 12 per 
cent. 

3. It is practically unaffected by damp or sub- 
mersion in water. 

4. It is entirely free from noxious fumes when 
properly exploded by means of gelatine detonators. 

5. It is more easily manipulated because of its 
greater plasticity. 
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6. It is less shattering, and in quarrying, therefore, 
it brings down the rock in much larger blocks. 

7. It is more economical. 

122. Gelatine-Dytiamite. — Gelatine-dynamite is 
a compound of nitro-cellulose with a certain propor- 
tion of nitrate of potash, and is much more powerful 
than No. i dynamite. Miners who have tested it in 
comparison with dynamite affirm that it yields results 
fully 25 per cent, better than those of dynamite. In 
appearance it resembles a thick jelly of a brownish 
colour, and it is a plastic compound less tough than 
No. I blasting gelatine, but otherwise similar to that 
very strong explosive. This plasticity of the gelati- 
nous compounds renders them very convenient for 
charging boreholes, as their cartridges will much 
more readily adapt themselves to the size of the 
holes. In common with all nitro-glycerine com- 
pounds it congeals in cold weather, when it is 
unsuitable for charging boreholes, but it readily 
assumes its original consistency when heated in the 
hot water warming pan. 

Gelatine-dynamite being more insensible to shocks 
than dynamite, requires in order that the full strength 
of the compound may be developed, to be exploded 
by a stronger detonator than is used for dynamite. 
The strong sextuple detonators manufactured by 
Nobel's Explosive Company, Limited, should in- 
variably be used for this explosive. The employment 
of weak detonators, resulting in the consequent 
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imperfect explosion of gelatine-dynamite, has led to 
numerous complaints caused by the explosive giving 
off disagreeable fumes, from which, with perfect 
detonation, it is entirely free. Should sextuple 
detonators not be at hand, dynamite primers and 
ordinary detonators may be substituted, but the 
necessity for following so inconvenient a method 
should be avoided. 

Gelatine-dynamite possesses in a high degree the 
character of a safety blasting agent, and on this 
account, and in view of its water-resisting properties, 
it has been specially recommended by the Royal 
Commission on Accidents in Mines in their report, 
presented to both Houses of Parliament in 1891, as 
the most suitable explosive for safety blasting in 
coal mines. It is unaffected by direct submersion 
in water, and this valuable property renders it 
specially suitable for blasting in damp workings, and 
for submarine blasting. 

The following are the chief advantages possessed 
by gelatine-dynamite. 

1. It is very much more powerful than dyna- 
mite. 

2. It is relatively cheaper than dynamite. 

3. It is unaffected by submersion in water. 

4. It is, when properly exploded with gelatine 
detonators, entirely free from noxious fumes. 

5. It is a more convenient, more easily handled, 
and more economical than dynamite. 
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The specific gravity of gelatine-dynamite is i ' 55, 
and it is supplied in cartridges of any size. 

123. Blasting Gelatine. — This powerful explosive 
is a compound of nitro-glycerine, of which it contains 
93 per cent., together with a special quality of nitro- 
cotton. Its disruptive force is enormous, being not 
less than 50 per cent, greater than that of No. i 
dynamite. In appearance it somewhat resembles a 
thick jelly of a brownish colour ; but some of the 
qualities have various ingredients incorporated with 
the jelly, with the object of modifying the force of 
the explosion. In its normal state it is a tough 
plastic mass having a specific gravity of i '55. Its 
plasticity makes it very convenient for charging bore- 
holes, as by squeezing the cartridges with a wooden 
rod, they can be made to fill the boreholes com- 
pletely. In cold weather it hardens, and loses its 
jelly-like character. In this state it may be used 
for open blasting, but it is not recommended to use 
it frozen for charging boreholes, as its hardness ren- 
ders it incapable of accommodating itself to the 
inequalities of the hole, and attempts to force it 
might result in accident. Frozen blasting gelatine 
may be softened for use, with perfect safety, in the 
hot water warming pans employed for thawing 
dynamite. The effect produced by the explosion of 
frozen blasting gelatine is more violent than that 
produced by the explosion of the unfrozen material, 
because the soft elastic blasting gelatine yields to 



192 THE PRINCIPLES OF ROCK BLASTING 

the shock of the explosion, while the frozen material 
does not. 

Blasting gelatine is more insensible to shocks 
than dynamite, and hence it is necessary to employ 
for its explosion a stronger detonator than is used 
with the latter compound. With the view of meet- 
ing this requirement, gelatine detonators of a special 
strength are supplied by the manufacturers, and 
these should invariably be employed in order that 
the full power of the blasting gelatine may be de- 
veloped. If from any cause the gelatine detonators 
pannot be obtained, a dynamite primer instead of a 
blasting gelatine one may be used, and the charge 
can then be readily exploded by means of an ordi- 
nary detonator. 

Blasting gelatine is adapted for blasting in very 
hard rock, but it is at the same time better suited 
than dynamite for blasting in mild or soft rock, where 
a shattering effect is not required, because, although 
the disruptive force of the former is much greater 
than that of the latter, the transmission of the explo- 
sion throughout its mass is less rapid. The enor- 
mous power of blasting gelatine being developed 
more slowly, the shattering effect of its explosions 
is therefore less severe than in the case of dynamite. 

Blasting gelatine is not damaged by immersion 
in water, and it is therefore specially suitable for 
submarine mining. When dynamite is immersed 
in water, the nitro-glycerine begins to exude, and on 
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that account, in using dynamite for subaqueous 
blasting, special means must be employed to prevent 
the escape of the nitro-glycerine. Water, on the 
other hand, has no action on blasting gelatine, and 
it may be exploded effectively, after lying for months 
under water. It is supplied in cartridges of any 
size. 

The following distinguished authorities on ex- 
plosive compounds have expressed unqualified ap- 
proval of the No. I blasting gelatine manufactured 
by Nobel's Explosives Co., Limited : — 

Sir Frederick A. Abel, C.B., F.R.S., Chief 
Chemist of the British War Department, in an 
address on Explosive Agents, delivered in St. An- 
drew's Hall, Glasgow, on ist March, 1883, stated: 
"It is in every respect the most perfect explosive 
known." 

Brigadier- General Henry L. Abbot, Corps of 
Engineers, United States Army, after conducting a 
series of experiments, extending over several years, 
with explosives of every description, manufactured 
both in America and Europe, concludes his official 
report to the American Government thus: "These 
experiments show that this explosive is the most 
powerful ever tested here, and that it is most admi- 
rably suited to submarine mining." 

When set fire to by a fuse, or by other means, 
or when insufficiently detonated, blasting gelatine 
burns rapidly without explosion, and gives off" dis- 

o 
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agreeable fumes. This shows the absolute necessity 
for using the powerful gelatine detonators to ensure 
complete explosion. 

The special advantages No. i blasting gelatine 
possesses over dynamite may be summarised as 
follows : — 

1. It is 50 per cent, more powerful than dyna- 
mite, and is the strongest known explosive. 

2. It is relatively cheaper than dynamite. 

3. It is perfectly effective in water without using 
the special precautions requisite in the case of dyna- 
mite. 

4. It is, when properly exploded, entirely free 
from noxious fumes. 

5. It is less shattering in effect than No. i dyna- 
mite. 

124. Tonite. — Tonite, like dynamite, is one of 
the *' high " explosives, but differs from the majority 
of this class, inasmuch as it does not contain any 
glycerine in its composition. It may be described as 
a nitrated guncotton, the nitrate usually employed 
being that of barium. For use it is compressed into 
cartridges of various sizes and weights, which are 
covered with brown paper steeped in paraffin wax to 
render them impervious to water. 

Tonite can only be fired by a specially prepared 
detonator of a very strong character, ordinary de- 
tonators being much too weak to effect this result in 
the majority of instances. It does not freeze, and 
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is consequently without this objectionable feature of 
any explosive. It is strongly recommended for its 
safety in transit, storage and manipulation ; may be 
used in any climate, and gives off very little smoke 
when fired. One of the greatest advantages of this 
powder is that the holes need not be so large nor so 
deep as those required by ordinary gunpowder ; 
thereby saving a great deal of labour and expediting 
the work. Another advantage is that it is quite free 
from poisonous matter. It can be used in places 
where gunpowder would utterly fail, such as in soft 
beds, between two layers of rocks, or inserted in 
fissures without any boring whatever. The strength 
is about four times that of blasting powder, or equal 
to No. I dynamite. The charges may be taken 
to have a density of about 1*5. The cartridges 
should invariably be stored in a dry place until 
they are required to be used, as the quality of 
this explosive is injured by moisture. Where the 
cartridges have to remain in water for more than 
five minutes, additional protection is necessary in the 
shape of tin canisters, indiarubber bags, or water- 
proof packing. Special appliances can be obtained 
of the manufacturers for this class of work. The 
following sizes of cartridges are always kept in stock, 
viz. : I, i|, I J, i^, if and 2 inch. 

125. Blasting Amberite. — This is a new and 
powerful explosive, consisting of thoroughly purified 
nitro-cotton, wood-meal and other ingredients, manu- 

o 2 
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factured by Messrs. Curtis & Harvey, Clyde Mills, 
who claim for it the following advantages : — 

1. It contains no nitro-glycerine. 

2. It will not become frozen in any weather. 

3. It is in no way affected by changes of tem- 
perature. 

4. It contains no poisonous ingredient. 

5. It is not affected by exposure to a damp 
atmosphere. 

6. It does not deteriorate in keeping. 

7. It emits no noxious fumes on explosion. 

8. It is not liable to explode from friction or 
blows. 

9. It may be used in wet boreholes, as the cart- 
ridges are waterproofed. 

16. It requires no more stemming than the other 
higher explosives. 

11. It. is made up into cartridges of various dia- 
meters and convenient weights. 

12. The cartridges may without risk be cut in 
two to give any desired length of charge. 

The strength of the explosive is about equal to 
dynamite, and it may therefore be used to replace 
the latter in all kinds of work. 

Cartridges are made of |^, i, \\, \\, iy\ and 
if inches diameter, being issued in two forms of 
cartridges — one "plain" (viz. closed at both ends), 
and the other "primers," which are left open at one 
end to receive a detonator. It is important to have 
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the cartridges of such size that they nearly fit the 
borehole, or there will be great loss of force ; but 
they must not be too large to go to the bottom of 
the hole. The detonator used must not be less than 
No. 6. 

The specific gravity of amberite is i * 102. 

126. Electronite. — Electronite is a high explosive 
consisting of blasting amberite mixed or impregnated 
with carbonate of calcium, designed to afford safety 
in coal-getting. This important end has been ob- 
tained by using such ingredients, and so proportion- 
ing them, as will ensure, on detonation, a degree of 
heat insufficient under the conditions of a " blown- 
out" shot to ignite firedamp, or coal-dust. In dry 
and fiery mines no explosive can probably afford 
greater security. But to be safe is not the only 
qualification required in a blasting agent for mining 
operations. There are others of more or less im* 
portance, according to the conditions under which 
the explosive is worked. Among these the manu- 
facturers claim the following are possessed by elec- 
tronite : — 

1. It is smokeless. 

2. It emits no noxious fumes on explosion. 

3. It contains no poisonous ingredient. 

4. It cannot become frozen in the coldest 
weather. 

5. It is equal in strength to the nitro-glycerine 
compounds. 
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6. It does not shatter coal, as many of the high 
explosives do. 

7. It cannot be exploded by friction or flame, 
and is consequently perfectly safe to carry, store and 
handle. 

8. The cartridges are waterproofed. 
Electronite is suitable for all kinds of blasting 

operations. In hard rock it is as effective as 
dynamite, and it gives very satisfactory results 
where a rending rather than a shattering action is 
required. 

Electronite cartridges are supplied in three 
lengths, namely, 4^, 6 and 7 J inches ; and in the 
following diameters : i, i^, i\, i-j^^and i finches. 

It is important to use a sufficiently strong de- 
tonator. Nothing less than No. 6 is strong enough. 
Better results will be given by a No. 7. Weak de- 
tonators will not develop the full power of the ex- 
plosive. 

The specific gravity of this explosive is o'8o6. 

127. Ordinary Gunpowder. — Gunpowder is a 
mechanical mixture of sulphur, nitre and charcoal, 
in the proportions of 62 to 75 parts of nitre, 9 to 20 
parts of sulphur, and 9 to 18 parts of charcoal; 
the ordinary composition being 75 parts of nitre, 
15 of charcoal and xo of sulphur. Blasting pow- 
der is a cheaper and inferior A^ariety containing 
less nitre and more sulphur and charcoal. The 



AND THEIR GENERAL APPLICATION 199 

properties of gunpowder depend largely on its 
physical characteristics, namely, the thoroughness of 
the mixture of the ingredients ; its gravimetric den- 
sity; size and shape and glazing of the grains or 
pellets; and the amount of moisture it contains. 
An inferior and cheap powder is in some cases ad- 
vantageous for quarrying (as when the chief object 
is to shatter the rock as little as possible), as, owing 
to its combustion being slower, its action in the 
rock is not so violent as the more perfect explosive. 
In all other cases , the strongest and best powder 
should be used. In wet ground gunpowder must 
be used in watertight cartridges. Gunpowder is 
more economical than the high explosives for " bull- 
ing," which consists in filling the main crack or 
fissure in a mass of rock cracked from its bed by a 
previous blast with an explosive, and firing it to 
further loosen the rock. Gunpowder is generally 
preferred for quarrying rock in large blocks, and also 
for blasting coal. 

The density of coarse gunpowder in bulk is about 
0-7. 

Gunpowder may be fired by ignition or detona- 
tion. 

128. Compressed Gunpowder in Pellet-Blasting 
Cartridges. — These are cartridges of gunpowder 
moulded into solid cylinders and perforated to admit 
of their being strung on the safety fuse by which 



200 THE PRINCIPLES OF ROCK BLASTING 

they are to be ignited. In charging the shotholes 
these cylinders are in practice found to be very 
convenient, a number sufficient for the charge having 
only to be strung on to the fuse, the lower end of 
which, cut slanting, should be doubled back, which 
will retain it in its position, and the charge then 
insetted in the hole. The charging in this way may 
be effected as readily in ascending as in descending 
holes. Other advantages are that the fuse cannot 
be pulled out of the charge in tamping, and that but 
little smoke is produced. 

Compressed pellets are not only convenient to 
handle and safe to use, but also very effective in 
their action. The force of explosion being concen- 
trated upon a small surface, the rending effect is 
great, and more work is done by bringing out the 
rock to the bottom of the hole ; moreover, these 
pellets being slow to absorb moisture, they retain 
their strength in damp holes. The central perfora- 
tion allows the hot gases to pass down both on the 
inside and the outside, as well as through the 
interstices between the pellets, thereby igniting the 
latter simultaneously at every point of their surfaces, 
a condition favourable to the quick and complete 
combustion of the powder. 

The remarkably gentle lifting action of compressed 
powder renders it very suitable for use in slate and 
other quarries where it is required to move masses 
of rock without shattering them. 
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This powder is made in two qualities, viz. : — 
Compressed gunpowder pellet cartridges, i, i-^, 

I J, i-i^, if, I J and li inches in diameter, and 

E.S.M. compressed gunpowder (extra strong) 
pellet blasting cartridges, i, i^^, il^ if, ij and 

I I inches in diameter. 

The specific gravity of the latter is i • 646. 

129. Safety Explosives^ — In order to prevent ex- 
plosions of mixtures of coal-gas and air, and coal- 
dust and air, in gaseous mines, due to the effect of 
blasting with the ordinary explosives, so-called 
flameless or safety explosives are employed. Hither- 
to gunpowder has been most extensively used in 
coal-mining, as owing to its combustion being gradual, 
or comparatively slow, its action is rending or pro- 
jecting, and not shattering, and therefore enables 
coal to be blasted with a minimum of slack ; but 
this sole advantage has been far outweighed by 
certain results which have proved fatal to life on 
account of the heated products of combustion pro- 
duced setting fire to mixtures of coal-gas and air and 
coal-dust and air. Owing to the improved methods 
of ventilation, the danger due to accumulation of gas 
has been very much diminished, but on the other 
hand the air has been charged to a greater extent 
with fine particles of coal-dust, and it is now known 
that such a mixture is easily ignited by a blown-out 
shot of powder, and is capable of initiating a most 
disastrous explosion. The use of gunpowder has 
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therefore been prohibited in certain coal mines by 
order of the Secretary of State for the Home 
Department, under Section 6 of the Coal Mines 
Regulation Act, 1896, the permitted explosives being 
the following : — 

Ammonite. 
Ardeer powder. 
Bellite No. i and No. 3. 
Carbonite. 
Dahmenite A. 
Electronite No. 2. 
Roburite No. 3. 
Westfalite. 

These explosives may be divided into two classes, 
firstly, the nitro-glycerine class comprising Ardeer 
powder and carbonite; and secondly, the nitrate 
of ammonia, class ammonite, bellite Nos. i and 3, 
dahmenite A, electronite No. 2, roburite and west- 
falite. 

Ardeer Powder consists of 31 to 34 parts nitro- 
glycerine, II to 13 parts kieselguhr, 49 to 51 parts 
magnesic sulphate, and a little nitre. 

The high temperature produced by the explosion 
of the nitro-glycerine is lowered by the presence 
of magnesic sulphate, which salt contains a large 
amount of water of crystallisation, the evaporation of 
which, when the explosion takes place, absorbs a 
considerable amount of heat. The proportion of 
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magnesic sulphate present exerts, therefore, a most 
decisive influence upon the degree of safety obtainable 
by the use of this explosive. 

This explosive is intended to afford to colliery 
owners and miners a cheap and reliable means of 
coal blasting. In addition to being free from any 
complication of appliances, its safety qualities, espe- 
cially the low temperature of the resulting products, 
and the absence of any flame that can ignite fire- 
damp or coal-dust, appear to give it an advantage 
over other explosive compounds such as black pow- 
der or tonite, and possibly explosives of the nitro- 
benzol or ammonia class, 5uch as roburite, securite, 
belli te, &c., which are liable to change their character 
from atmospheric influences. 

When immersed in water this explosive possesses 
the advantage of being practically unchanged and 
non-exuding. In practice it is found to be more 
than 50 per cent, stronger than blasting powder. 

As Ardeer powder is intended for coal-getting 
purposes only, care has been taken that the disruptive 
power should be so modified as to secure the essential 
advantage of bringing down coal in a round, lumpy 
and marketable condition. 

It is usually supplied by the manufacturers in 
cartridges 5 J inches long by \\ inch in diameter, but 
may be obtained when required in other sizes. 
Electricity should be used for firing with Nobels 
No. 3 electric detonator fuses. 
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The specific gravity of Ardeer powder is i • i6. 

It is important to note that Ardeer powder should 
never be used in a hard or frozen condition. 

Carbonite consists of under 27 parts nitro-glycerine 
and not less than 73 parts of a mixture of wood-meal 
not less than 40 parts, with not more than 36 parts 
of the nitrates of potash, soda or baryta. The 
average composition is nitro-glycerine 25 parts, 
wood-meal 40 parts, and 35 parts of nitre (with some 
nitrate at times). 

It is a good substitute for blasting powder in 
collieries, &c. H.M. Inspectors of Mines strongly 
condemn the use of blasting powder in coal mining 
as highly dangerous, and they recommend that a 
high explosive practically free from flame, which 
property is claimed for carbonite, should be substi- 
tuted. It differs from the high explosives in being 
slow-rending, and in this respect closely resembles 
blasting powder, but is from 2 to 2^ times stronger 
than blasting powder. The manufacturers supply 
it in cartridges of any size and weight, but the 
usual sizes which are always kept in stock are 
1 1 inch weighing 2 ounces, and \\ inch weighing 
4 ounces. 

Nobel's No. 6 Detonators are required to effect 
its complete detonation, and in collieries the de- 
tonators should be always fired by electricity. 
The gravimetric density of carbonite is i • 12. 
When hard or frozen it should be thawed in 
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special warming-pans, as in the case of dynamite and 
all other nitro-glycerine compounds. 

The great danger of incomplete detonation of 
explosives cannot well be exaggerated, especially in 
dusty or fiery collieries, where there is always the 
great risk of unexploded cartridges, or portions of 
cartridges left unexploded, continuing to flame after 
the detonator has exploded. It only requires the 
presence of inflammable gas or coal-dust in order 
to have all the conditions necessary for a serious 
accident. See * Reports of Flameless Explosives, 
Committee of North of England Institute of Mining 
and Mechanical Engineers.' 

Settle's patent gelatine-water cartridge is con- 
sidered to be the best and safest system of blasting 
for collieries, and may be obtained from Nobel's 
Explosives Co., Glasgow, or their local agents. 

The other safety explosives, according to the 
official pronouncements of Her Majesty's Chief In- 
spector of Explosives, are defined as consisting of 
the following components : — 

Ammonite. — 87 to 89 parts ammonic nitrate and 
1 1 to 1 3 parts di-nitro-naphthalene. 

Bellite. — Probably about 80 parts ammonic ni- 
trate and. 20 parts meta-di-nitro-benzol. In the 
schedule, No. i is stated to contain 79 to 81, and 
No. 3 from 92 to 94 parts of ammonia nitrate. 

Roburite No. 3. — Defined as containing a mix- 
ture of ammonic nitrate, di-nitro-benzol and chloro- 
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naphthalene in such quantities that the chlorine 
shall form less than i per cent, of the total mass, 
which is practically identical with that licensed by 
the Inspectors of Explosives. Another formula 
gives it as consisting of 86 to 87 parts of ammonic 
nitrate, and 13 to 14 parts of chloro-di-nitro-benzol. 

Dahmenite A, — Ammonic nitrate, naphthalene 
and potassic bichromate, the latter not to exceed 
2*5 per cent. Its actual average composition, as 
used in practice, is said to be about 95 parts am- 
monic nitrate and 4 • 5 parts of naphthalene. 

Electronite No. 2. — 90 to 91 parts ammonic 
nitrate and 9 to 10 parts of wood-meal or starch. 

Westfalite. — Ammonic nitrate 90 parts, resin 
5 parts, and potassic bichromate 5 parts. 

According to the Reports of the Royal Commis- 
sion on Explosions from Coal-dust in Mines, "the 
so called safety or flameless explosives are largely in 
use in all parts of the country, and as the results of 
practical experience, are generally pronounced to be 
effective substitutes for gunpowder, and certainly 
very much safer. Each of these compositions has 
its advocates, and each is said to be flameless, or 
practically so. As far as dust is concerned, the cur- 
rent opinion appears to be that they are perfectly 
safe, but there is a considerable doubt as to how far 
the small flash or scintillation which many witnesses 
say they display render them dangerous in the pre- 
sence of gas.'' 
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The safety explosives should comply with, the 
following special conditions : — 

1. The temperature of detonation must be as 
low as possible. 

2. The products of combustion must be non- 
combustible. 

3. The products of decomposition must not be 
poisonous. 

In using these explosives the cartridges should 
be exploded only by the detonators recommended 
for each of them, electric firing should be adopted, 
and 20 inches of clay stemming used in the holes 
to prevent flame, and thereby ensure the greatest 
safety. 

In blasting weak rock or coal with these explo- 
sives, to obtain the best effect, and to prevent blown- 
out shots, it is very important to proportion the 
diameter of the hole inversely as the strength of 
the explosive, or the shearing force of the charge 
directly as the line of resistance, and also the length 
of charge as the section of rock or coal to be blasted, 

F S 
in accordance with the formula =^ = ^r^ 

F S 
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CHAPTER XX. 

INSTRUCTIONS FOR THE USE OF EXPLOSIVES. 

130. Directions for using Dynamite, Blasting 
Gelatine, Gelatine-Dynamite and other Gelatine Ex- 
plosives. — Unlike gunpowder, dynamite, blasting 
gelatine, gelatine-dynamite, and gelignite require a 
special mode of firing, which consists of a very 
Strong percussion cap, called a *' detonator," attached 
to a safety or electric fuse. The fuse explodes the 
fulminate in the detonator, which then explodes the 
cartridge. 

A charge is made as follows : — 

i^^ Operation. — A safety fuse is cut clean and 
inserted into a detonator, till it reaches the fulminate. 
The upper part of the cap is then squeezed with a 
pair of nippers (as shown in Fig. 81). The squeez- 
ing should not be neglected, as it not only secures 
the position of the fuse, but also serves to develop 
the power of the fulminate. For use under water 
great care should be taken to have the upper end of 
the detonator made watertight (with grease, tar or 
otherwise) where it joins the fuse, to prevent the 
fulminate from getting damp. 
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2nd Operation, — A primer or cartridge is opened 
at one end, and the detonator, with the fuse already 
attached to it, is pushed in so as to leave about one- 




Fic. Si. 



third of the copper tube exposed outside the cart- 
ridge (see Fig. 82). The detonator is then securely 
tied in that position. If the detonator is pushed too 
far into the cartridge the fuse may set fire to the 




Fig. 82. 



latter before the spark can explode the detonator, 
and unpleasant fumes may be the consequence. 

j^rd Operation. — One or more cartridges (as the 

p 
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height of charge may require) are inserted into the 
borehole, and each squeezed with a wooden rammer 
(as shown in Fig. 83) so as to completely fill out 
the borehole. Never use iron in squeezing home 
cartridges. 




Fig. 83. 

\th Operation. — Over the charge, as shown in 
the third operation, the cartridge, with detonator and 
fuse affixed, is inserted, but not squeezed, and loose 
sand or water is poured in as tamping (as shown in 
Fig. 84). The charge is then ready for firing. 

131. Directions for using Tonile. — For tonite, 
the fixing of the detonator should be done as de- 
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scribed above under first operation, which is then 
pushed down into the cartridge as far as possible. 
The neck of each cartridge is furnished with a piece 
of wire, which must be twisted firmly round the 
fuse so as to make both fast together. The car- 




Fig. 84. 

tridge is then ready for use. Make sure that the 
borehole is large enough to let the charge to the 
very bottom, but it must not be too large, or else 
power will be wasted. When used in wet holes, 
the neck of the cartridge should be protected by 
tar or grease, to prevent water getting to the 
detonator. 

p 2 
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Where more than one cartridge is necessary to 
charge a mine, put in the hole as many cartridges 
as necessary (without detonators) and press them 
gently, one after the other, so as to leave no space 
between them ; then introduce the cartridge con- 
taining the detonator, press it down carefully on 
account of the detonator inside, and tamp with clay 
or sand in the ordinary way. Cartridges without 
detonator holes ve made for this purpose, but it is 
preferable to use one large cartridge when possible. 

In case the cartridges which a miner has in 
stock do not fit the borehole, he can cut or break 
them in pieces, and press them down the hole if 
it is quite dry, reserving one of the top parts of 
the cartridges for the detonator, which with such 
part of cartridge is put in the hole last. The paper 
casing of the cartridges need not be removed. 

132. Directions for using Ele^tronite and Blast- 
ing Amberite. — Be careful to use a sufficiently strong 
detonator. Nothing less than a No. 6 is strong 
enough. Better results will be given by a No.«^ 7 
detonator. It is false economy to use weak deton- 
ators, for they are incapable of developing the full 
power of the explosives. 

Efectronite. — Cut the string with which the neck 
of the cartridge is tied, and having opened the neck, 
make a hole in the explosive with a pointed piece 
of metal rod or a stick, a little larger in diameter 
than the detonator. An ordinary lead pencil is a 
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handy and efficient instrument for the purpose; 
Insert the detonator (previously fixed to the fuse 
as before described) into this hole, to a depth equal 
to at least half the length of the detonator, and tie 
the neck firmly to the fuse. When there is water in 
the borehole it will be necessary to put grease round 
the neck to keep out the water. If more than one 
cartridge is to be used for the shot, cut off the neck 
of that one which is not to have the detonator, 
about \ inch above the point where it is tied, and 
put it into the borehole neck end downwardsi 
Grease the neck if there is water in the borehole. 
Then push the cartridge in which the detonator haS 
been placed into the borehole till it comes in contact 
with the other cartridge. Stem lightly for about 
3 inches on account of the detonator; then mord 
firmly. Use cartridges which nearly fit the bore* 
hole, but see that they are not too large to go to 
the bottom. 

Blasting Amberite. — This explosive is issued irt 
two forms of cartridges, one '* plain," being closed 
at both ends, the other " primers " which are left 
open at one end to receive the detonator. For 
small shots a primer will often be sufficient, for 
example, for breaking up boulders more will seldom 
be required* For larger shots, put into the bore^ 
hole one or more of the plain cartridges, sufficient 
to make up, with the primer, the required length of 
charge, or height of explosive in the borehole* 
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Then having securely fixed the detonator to the 
fuse in the usual way, insert the detonator in the 
hole provided for that purpose in a primer, taking 
care to put it well down into the explosive, and tie 
the neck of the primer firmly to the fuse with a 
piece of wire or string. When there is water in 
the borehole, tallow or some other kind of grease 
should be put round the neck to make it water- 
tight. The primer thus prepared is to be pushed 
gently, on account of the detonator, down the bore- 
hole till it comes into contact with the plain car- 
tridges. Stem lightly for the first 2 or 3 inches ; 
then with more force. Hard stemming is not 
required. 

When a whole plain cartridge would give too 
heavy a charge, it may be cut in two, and only a 
portion of it used. This should, however, not be 
done when there is water in the borehole. Use 
cartridges which nearly fit the borehole ; but see 
that they are not too large to go to the bottom. 

133. Directions for Loading a Borehole with 
Miners Coarse Ordinary Blasting Powder. — The 
sludge from the boring of the hole should first be 
removed by a swopstick, and the hole dried by 
means of a wisp of hay, fag or tow passed through 
the eye of an iron rod, and forced slowly up and 
down the hole to absorb the moisture. 

The powder is then poured into the hole through 
a copper or tin tube, so as to reach the bottom with- 
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out touching the sides of hole above the limit of 
charge. If the hole be vertical or very steep the 
powder will drop in very freely to the bottom, but 
if the inclination be not very great, it must be 
pushed down with a wooden ramrod. If the hole 
be horizontal, a scoop or spoon is used which is 
filled with powder, inserted gently into the hole, 
and turned round at the end to deposit the powder 
at the bottom. The powder is pushed compactly 
to the bottom with a wooden ramrod. If the hole is 
inclined upwards, a paper cartridge is employed to 
hold the powder. In wet holes, watertight cart- 
ridges must be used with fuse attached. Before 
completing the charge, a Bickford safety or electric 
fuse is inserted into the hole sufficiently long to 
extend a few inches out of the hole, and the rest 
of charge then added so that the fuse is fixed well 
down in the powder. The charge is covered with 
a little dry clay, and the rest of the whole filled and 
tamped with clay or rotten stone crushed to a 
powder. The first 3 inches of tamping should be 
merely pressed down strongly with a wooden ram- 
mer, and the rest tamped strongly as it is filled 
into the hole with an iron rod tipped with copper, 
which is struck gently with a hammer to make the 
tamping as compact as possible. Care must be 
taken not to cut the fuse in carrying out this 
operation, and not to use materials that may strike 
fire. 
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134. Directions for using the Nitrate of Am- 
mania Class of Safety Explosives. — The detonator 
should always be inserted in the end of the cart- 
ridge nearest the mouth of the hole, and should 
only be planted deep enough to be just covered by 
the explosive. The end of the primer cartridge 
should be opened to admit the insertion of the 
detonator, which should then be secured by tying 
the mouth of the cartridge up again with a piece 
of string or wire. When possible, single cartridges 
should be used for the charge ; these are made in 
weights varying from i to 16 ounces of various dia- 
meters. When having two or more cartridges to 
make up the charge, great care should be taken 
that they are in perfect contact without any dust 
between them. Cartridges should never be opened, 
except for the insertion of detonators ; if in proper 
contact the whole charge should explode. 

In charging holes the cartridges should be simply 
pressed home, and not • rammed at all, as when 
rammed hard, not only is the cartridge broken but 
the explosive is compressed, in which condition it is 
more difficult to detonate. Any cartridge which 
appears to be hard should be rolled or squeezed to 
soften it before inserting in the holes. The stem- 
ming or tamping used should be of a soft not gritty 
nature, for fear of damaging the electric wires. The 
first six inches should be rammed tightly, and then 
the remainder of the hole rammed firmly. The 
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total length of stemming should in all cases be not 
less than 20 inches. In using ordinary paper cart- 
ridges in wet holes it is necessary that the cartridge 
should be again sufJSciently protected against wet 
where the detonator has been inserted, care being 
taken not to damage the cartridge case in charging. 
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CHAPTER XXI. 

135. RECAPITULATION AND NOTATION OF THE MOST 
IMPORTANT FORMULAE. 

d = Diameter of borehole in inches. 
D = Depth of borehole in inches for shearing 
resistance 

= ^ + W = 6^/+ W. 
2 

m = Length of charge in any borehole for shear- 
ing ^ 12 d. 

N = Number of similar shotholes spaced a dis- 
tance k apart in line parallel to a free 
face, and fired simultaneously. 

k = Distance between shotholes. 

A 
6 = Chamber coefficient = ^ = C^ W. 

eW =2 Maximum distance that similar shotholes 
should be placed apart when in line 
parallel to a free face, and fired simul- 
taneously, ^ = ^2 • 84 ^ . 

C« = Coefficient of rock = -^ ^^ . 

S X W 
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C, = Charging coefficient = ^ = 3*454^C/ 

N.B.— If W be taken in feet C„ = 5969/ C/. 
W = Line of resistance in inches 
= A ^ 6 ^ 
C,S 13 C„ 

L = Weight of charge in lbs. = C„ W = • 5434 d!^ 

N.B. — If W be taken in feet and d in inches 
L = 5969^C/W^ 

S = Periphery of charging chamber at right 
angles to line of resistance = ^ . 

A = Projection of charging chamber = C« S W. 

G = Number of similar shotholes required in a 
single exposed surface of rock when 
angled to meet at a point to "unkey" a 
line of resistance/ W and placed so that 
they make an angle 6 with the latter, W 
being the line of resistance for one such 
shothole parallel to a free face in the 
same kind of rock 

1 2 + cosec 6 . 

^ r, — ''■ 

/i = Line of resistance for a shothole whose 
diameter is dy and angle to line of resist- 
ance d, the line of resistance being unity, 
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for a shothole whose diameter is i inch, 
and angle to the line of resistance 90° 

12 + cosec b' 
q = Line of resistance for the combined shearing 
force of N similar shotholes spaced a 
distance k apart in line parallel to a free 
face, when fired simultaneously, the line 
of resistance for one such shothole being 

unity 

^ NS 

2 {(f« + Nflf) +>&(N - i)}' 

F == Sectional area of rock equal to resistance to 
shearing = —^ x 7 * 38 aT*. 

No = Number of holes required for headings of 
shafts = 667 C^ = 4' 2i C« V. 

in^ = Length of charge for boreholes for a bed of 
rock whose thickness / is less than e W 
^ / w 

■" ^~w • 

M = Maximum preissures developed by different 

explosives. In similar holes charged with 

M W 
the same volume of explosive ^ = =^\ 

^ M W 

Li = Charge required when -th more explosive 

is required for a blast whose angle is by 
than for a horizontal blast 
_ I + sin b ^ ^3 
n ^ 
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CHAPTER XXII. 

EXAMPLES OF ALL THE MORE USEFUL AND IMPOR- 
TANT CALCULATIONS THAT ARE LIKELY TO OCCUR 
IN THE DAILY PRACTICE OF ROCK BLASTING, AND 
OF THE USE OF THE TABLES FOR FACILITATING 
THE CALCULATIONS. 

1 36. Example i . Liru of Resistance, Depth of 
Borehole^ and Charge. — For a blast in hard rock, 
find the line of resistance, depth of borehole, weight 
and length of a suitable charge of gelatine-dynamite, 
and approximate volume of rock which should be 
dislodged if the chamber coefficient be •018, dia- 
meter of hole \\ inch, and there are three free faces 
at right angles to each other. 

By reference to Table I. it will be found that 
the line of resistance is 2 feet 4I inches. 

According to Table III. the depth oi \\ inch 
diameter borehole required for a line of resistance 
2 feet 3 inches is 2 feet 10 inches, and for a line of 
resistance 2 feet 6 inches it is 3 feet i inch, and as 
the mean of these lines of resistance is 

2 ft. 3 in. + 2 ft. 6 in. ^ 2ft 4i in., 
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the depth of borehole required for a line of resist- 
ance 2 feet 4^ inches is 

2 ft. ID in. + 3 ft- I i^- - ^ A. T T 1 :« 
= 2 It. 1 1 * in. 

2 ^ 

Therefore in practice we should bore the hole, 
say 3 feet deep. 

The weight of gelatine-dynamite is given in 
Table II., viz. -749 lb., or say | lb., which should 
have a length of 12 x i^ inch = 13^ inches in the 
hole. 

Table VI. gives the approximate volume of rock 
which would be blasted for a line of resistance of 
2 feet 6 inches, viz. 36*46 cubic feet. 

137. Example 2. Blasting a Bench of Rock. — 
What depth and diameter of borehole and line of 
resistance will enable the whole height of a bench of 
rock, 6 feet high, to be blasted so as to maintain a 
level floor, gelatine-dynamite being employed, and 
the coefficient of the rock with this explosive being 
•016? 

The depth of borehole must be the height of 
bench, viz. 6 feet, as any shorter hole would result 
in a sloping floor. 

The diameter of hole, and line of resistance re- 
quired for the 6-feethole can be found from Table I. 
by making the line of resistance plus 6 times the 
diameter of the hole equal to the depth of borehole 
or height of bench, in accordance with the formula 
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D = W + - = W + 6^/. 
2 

In Table I. we cannot find any line of resistance 
with its corresponding diameter to agree exactly 
with the above formula for the coefficient '016, 
therefore we must take the mean of the nearest 
figures above and below, as follows : — 

Line of resistance + 6 times diameter of hole 
= height of bench =72 inches. 



Inches. 


Inches. 


Inches. 


(0 57-50 


+ 6X2 


= 69-50 


(2) 61-09 


+ 6 X 2i 


= 73-84 


2)118-59 


2)4i 


2)143-34 


mean 59-30 


mean 2^^ 


mean 71-67 



It is therefore clear that a line of resistance of 
59*30 inches (or say 5 feet), and a borehole having 
a length of 6 feet and a diameter of 2^ inches, meets 
the conditions of this case. 

138. Example 3. Height of Step or Bench of 
Rock. — What height of bench should be worked by 
\\ inch diameter boreholes when the chamber co- 
efficient of the rock for the explosive to be used 
is '02 ? 

The height of bench should be equal to the sum 
of the line of resistance and half the length of charge, 
and, as in Table I. the line of resistance for a i^ inch 
borehole when C = '02 is 34^ inches, the height of 
the bench should be W + 6 ^/, or 

34i + 9 = 43i inches. 
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139. Example 4. Charging Coefficient and Vol- 
ume of Rock, — Find the charging coefficient of a 
i^ inch borehole, and the volume of rock which will 
be blasted for one, two, three, four or five free faces 
when gelignite is used, and the chamber coefficient 
is '016. 

Table I. gives the line of resistance 43 ' 12 inches 
= 3*6 feet, and Table II. the weight of charge 
^ ' 775 lb. Hence the charging coefficient is 

C - I '775 _ .^.o 

According to Table VI. the approximate volumes 
of rock which will be blasted are — 

For one free face, i^ W^ = 62* 10 cubic feet. 
For two free faces, if W^ = 77 ' 76 cubic feet. 
For three free faces, 2^ W^= io8* 70 cubic feet. 
For four free faces, 3 W^ = 139 'So cubic feet. 
For five free faces, 4 W = 186*40 cubic feet. 

It is important to note that these volumes have 
the following ratio to each other : 

I : li : if •' 2i : 3i 
and that the same quantity of explosive is used in 
each case to overcome the cohesive resistance of the 
rock ; moreover that the charging coefficient will 
vary according to the number of free faces. 

140. Example 5. Economy of Proportioning Depth 
and Diameter of Borehole to Height of Bench of 
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Rock. — Supposing that it has been found that i inch 
diameter boreholes 3 feet 6 inches deep so placed 
to have a line of resistance of 3 feet with two free 
faces, when charged with i foot or ' 543 lb. of dyna- 
mite, and fired consecutively, will blast a bench of 
rock 3 feet 6 inches high ; what then would be the 
relative economy if shotholes of the same diameter 
were used under like conditions for blasting a bench 
of rock 6 feet high ? 

It is clear that the depth of borehole required to 
blast a 6 foot bench is 6 feet, and that the line of 
resistance for this depth of hole should be the same 
as for the 3 foot 6 inch one, as it has the same dia- 
meter (namely 3 feet) ; as also that it is necessary to 
have the same length of tamping to blast away the 
whole length of the bench of rock, and maintain 
equilibrium of resistance on all sides of the charge. 

The length of tamping required is 

T = D - w, 

T denoting the length of tamping, D the depth of 
hole, and m the length of charge. 
Consequently, 

T = 3 ft. 6 ia - I ft. = 2 ft. 6 in. 

The length of charge used in the 6 foot hole 

must be 

;« = T - D 

or 6 ft. — 2 ft. 6 in. = 3 ft. 6 in. 
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This is three and a half times as long as that 
used in the 3 foot 6 inch hole ; hence its weight will 
be 

3i X '543= i'9lb. 

On the contrary, the approximate volumes of 
rock blasted will be 

(A) By means of the i foot charge, 3J x 3* 
= 31J cubic feet. 

(B) By means of the 3 foot 6 inch charge, 6x3^ 
= 54 cubic feet. 

Then, as -^ = — = • 1 1 1 foot of rock bored 
31^ 54 

per cubic foot of rock blasted, there would be the 
same economy in boring ; whereas the relative 
economy in explosive would be as follows : 

For (A) -513 _ •017241b. of dynamite per 
cubic foot of rock. 

For (B)^i-^^ — 543 -- -0352 lb. of dynamite per 
54 
cubic foot of rock. 

Consequently, the working of a 6 foot bench 
under the given conditions necessitates a consump- 
tion of 

('0352 - ' 01 724) "^oo 
•01724 

= 104 per cent, more dynamite than the shorter 
bench. 

As, however, the conditions of rock-boring ne- 
cessitate the holes being bored more or less conical 
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— for instance, the 3 foot 6 inch hole would be, say, 
\\ inch diameter at top and i inch at bottom, and 
the 6 foot hole if inch at top and i inch at bottom 
— the relative economy in boring would be more 
favourable for the shorter holes than shown by the 
above calculation. 

This example shows the importance of boring 
holes on correct principles to attain the greatest 
economy in explosive. 

141. Example 6. Maximum Distance between 
Shotholes Fired Simultaneously. — What is the maxi- 
mum distance two shotholes of ij inch diameter, 
which are to be charged with dynamite and fired 
simultaneously, •can be placed apart, parallel to a 
straight free face, so that the whole of the intervening 
rock will be carried away by the blast, if the chamber 
coefficient for the rock be '02, and the length of 
charge 12^^? 

According to Table I., the line of resistance should 
be 34^ inches. 

The maximum distance which the holes can be 
placed apart may be represented by ^ W in which 

e = V 2*84r^, and as for a i^ inch hole S = 39 
inches, we have 

. = w'i:^i2i32 = i.8. 

^ 34*5 
Hence the greatest distance between the shot- 
holes should be 

i-8x34"5 = 62-io in. or 5 ft. 2^^ «n- 

Q 2 
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142. Example 7. Line of Resistance for Two 
Shotholes Supporting Each Other. — Calculate the 
line of resistance for two 2 inch shotholes which are 
to be bored 6 inches apart in line parallel to a free 
face and fired simultaneously, if the chamber coeffi- 
cient of the rock be '02. 

Table I. shows the line of resistance for a single 
2 inch hole to be 46 inches, and according to Table 
IV. the line of resistance for two such holes 6 inches 
apart is 

I '53 X 46 = 70*38 in. or 5 ft. lof in. 

143. Example 8. Economy of Shotholes Sup- 
porting Each Other. — What is the relative economy 
in boring and in explosive by firing two 2 inch shot- 
holes simultaneously under the conditions given in 
Example VII., as compared with firing a single 
2 inch hole in the same kind of rock, assuming that 
there are three free faces in each case, and that the 
holes are fired in benches of rock with charges of 
dynamite ? 

For the single shotholes we have : 
I. {a) The line of resistance given in Example 7 
46 inches = 3 • 83 feet. 
{b) From Table II., the weight of charge 
= 4-35 lbs. 

{c) The charging coefficient = ^ = • 077. 

And on the contrary for the two 2 inch shotholes 
6 feet apart fired simultaneously : 
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2. (a) The line of resistance given in Example 7, 

70*38 inches =5-84 feet. 

{b) The weight of the two charges =4*35 lbs. 

X 2 = 8 • 7 lbs. 

R * 7 
{c) The charging coefJScient = / .<? \3 = '044. 

Assuming then the relative economy in explosive 
to be as the charging coefficient there will be a 
saving of 

(•077 — '044) 100 fl 

^^^ — '-^ -tzz = 42! per cent. 

•077 ^^^ 

by the latter method of working. 

It is evident that the length of the single hole 
should be 

3-83 feet+ 1 '00 feet = 4*83 feet, 

and of the double holes 6 feet apart, 

5 -84+ 1 '00 = 6*84 feet. 

Then, as the quantities of rock blasted may be 
taken sis proportional to the cubes of the line of 
resistance, the comparative economy in boring will 
be as 

4-83 .. 2(6-84) 
(3-83)^ •• (5-84)^' 

or 20*9 less boring will be required per cubic foot of 
rock blasted by the second method of blasting with 
two holes simultaneously. 
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144. Example 9. Economy of Firing Shotholes 
Simultaneously. — What economy may be effected by 
simultaneous firing of 2 inch diameter shotholes in a 
bench of strong rock 6 feet high and 34 feet long, 
it having been found by trial shots that the chamber 
coefficient for gelatine dynamite is '018, and that 
holes placed at a distance double the length of the 
line of resistance apart will carry away the whole of 
the intervening rock, as compared with the blasting 
of the same bench of rock by consecutive shots with 
holes of the same diameter ? It is evident that the 
length of the shotholes should be 6 feet. 

Table I. gives the line of resistance for a 2 inch 
borehole as 4 feet 3 inches ; hence the number of 
holes required is 

— -^^ = 4 holes, 
2 X 4i 

as illustrated in Fig. 85. 

Table III. gives the weight of gelatine dyna- 
mite required for a 2 inch hole, viz. 4*2 lbs., and 
therefore the total charge for the four holes will 

be 

4*2 lbs. X 4 = 16 "8 lbs. 

The volume of rock blasted will be 

34 X 6 X 4^ = 867 cubic feet. 

Consequently, each lb. of explosive will blast 

—J- = 5 1 • 6 cubic feet of rock 
lo'o 
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On the contrary, the best result obtainable in 
blasting with a single hole is that shown for the 
lines of rupture for the hole k, which is 

i\ X 4^ X 4J X 6 = 162*54 cubic feet of rock. 




Fig. 85. 

Hence, assuming each successive hole to blast 
the same volume of rock, 

— ? — — = 5 ' 3 holes would be required. 
162-54 

Or each lb. of explosive will blast 5± — 38 • 7 

^ 4*2 '^ ' 

cubic feet of rock. 

Therefore the economy effected in boring would 
be 
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(s*^ — 4) 100 

^^ ^ 7 = 24-53 per cent, 

and in explosive 

(51*6 — 38*7) 100 

^^ ^ ^" = 25 per cent 

51-6 ^^ 

145. Example 10. Number of Shotholes required 
to Unkey a Face of Rock. — How many boreholes 
I inch in diameter, bored at an angle of 10^ with the 
line of resistance, should be employed to unkey the 
end of a tunnel for a length of 3 feet 6 inches, the 
chamber coefficient of the rock being '02, and the 
holes being fired simultaneously ? 

According to Table I., the line of resistance is 
23 inches for a shothole i inch in diameter, placed 
parallel to a free face when the co-efficient of the 
rock is •02. 

Then, according to the formula 

r- 12 + cosec b . 
G = A 

in which G == number of holes, b = 10°, and p = 

^ inches. 

^^12 + 5-76^42^,^^ 
13 23 

Therefore three holes would have to be bored 
to converge to a point, but as three shotholes are 
capable of taking out a greater length of core than 
3 feet 6 inches, it would be more advantageous to 
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bore the three holes to converge at a point 4 feet 
2 inches from the face of the tunnel, and thus to 
make 

G= 1^ + 5-76 ^50^3. 
13 23 

146. Example 1 1. Line of Resistance and Charge 
in a Bed of Rock. — Find the line of resistance, length 
and quantity of charge for blasting a bed of rock 
whose thickness is 3 feet, if i^ inch diameter bore-, 
holes and dynamite be employed, assuming the 
chamber coefSficient of the rock to be •02. 

According to Table I., the line of resistance is 

34^ inches, and the length of charge 12^= 18 

inches, when there is equal resistance on each side 

of the charge. In the example this is not the 

case, owing to the thickness of the bed being less 

than 2 W, and consequently [the length of charge 

should be — 

tm 

or as /= 36 in., W = 34^ in., and m = iS in. 

mi = — 2 X 18 = 0*4 inches. 

2 X 34i 

Therefore, as Table III. gives the weight of 
18 inches dynamite, in a i^ inch hole as 1*833 ^^m 
the weight of the 9*4 inches of such charge is 

^ X I -833 lb. = -957 lb. 
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147. Example 12. Position, Depth and Diameter 
of Boreholes in Jointed Rock. — The granite in a 
quarry being jointed as represented in Fig. 86, and the 
distances between the "master" joints a, a^ and ddi 
and the bedding joints 6, di and a d being 10 feet and 




Fig. 86. 

8 feet respectively, whereas the coefficient of the 
rock is, say '014 for dynamite, and '028 for powder, 
and there being practically no cohesive resistance 
along the joints; it is required to determine the 
position, depth and diameter of the holes to be 
bored for each explosive, and to adjust the same 
so as to shatter the rock as little as possible. 
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The best position of the main face of working 
is evidently at right angles to the ** master *' joints, 
as the blasts have to be arranged to fracture only 
the section of rock included by the "master" and 
bedding joints. 

The holes should be vertical, and the line of 

resistance a length , or as this may be put 

equal to the distance between the ** master " joints, 
we have 

^ W 10 ^ 

-y- = - = 5 feet. 

For this line of resistance (see Table I.), a 
if-inch borehole is necessary for the coefficient 
•014, as for a charge of dynamite; and a 3l-inch 
borehole for the coefficient '028, as for a charge 
of powder. But as it is clear that there will 
be no shearing resistance to be considered under 
the given conditions, we may advantageously 

employ, say two -5 = -^ inch diameter boreholes 

for blasting with dynamite ; and say two ^^ = 

\\ inches diameter boreholes for blasting with 
powder instead, for the following reasons : — 

I. The rupturing force will be practically the 
same, but the shock will be distributed, and its 
shattering effect greatly reduced. 
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2. There will be a great economy in the con- 
sumption of the explosive. 

3. It is more economical to bore holes of small 
diameter. 

4. The smaller quantity of explosive used will 
be sufficient to loosen the rock. 

5. The ballistic force will be less. 

According to the formula F = -^^ x 7 • 38 d\ 

the section F of rock which may be ruptured by a 
■J-|-inch diameter hole is 14*82 square feet, if the 
coefficient of the rock is '014, and 29*64 square 
feet for a i|-inch diameter hole, if the coefficient 
is '028, that is when the length of charge is twelve 
times the diameter of hole; therefore, with this 
length of charge, as the section of rock to be 
fractured is a^, d, 62^ c = 10 x S = 80 sq. feet, 

— = 6 or six 44 inch diameter holes are 

14*82 ^® 

required for dynamite, and 

—- = 3 or three li inch diameter holes are 

29 • 64 '^ ^ 

required for gunpowder, when the length of charge 

is 12 d. 

But as there is no shearing resistance, two holes 

may be used in each case if the length of charge be 

increased, namely, to — 

(i2xii)x6 ^ (i2X_i^x_3 = 33 ■ 75 in. = 2 ft. 9i in. 
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The depth of the holes should therefore be 
4 feet + ^ ^^^^ 9| in. ^ ^ ^^^^ ^, j^^^j^^^ 

The charge of dynamite for the two ^ inch 
diameter holes will be 

2 X I • 34 lb. = 2 • 68 lbs. 

And of gunpowder for the two \\ inch diameter 

holes, 

2 X 3 • 36 lbs. = 6*72 lbs. 

The two holes in each case must be fired simul- 
taneously. They should be placed as shown in the 
figure. 

148, Example 13. Number of Shotholes required 
for a Heading. — If in rock whose coefficient is '03 
for gelatine-dynamite a 7 feet x 7 feet heading can 
be advanced 3 feet 6 inches with 20 i-J-inch diameter 
holes, how many holes will be required to make the 
same advance in a heading of the same size in rock 
whose coefficient is '016 ? 

In this case we have 

N "C/ 
Therefore the number of holes required is 

N = -^^ X 20 = II holes. 
•030 

N.B. — The II holes must be so placed that the 
resistance to each is equal. 
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If in a heading 7 feet x 7 feet worked on the 
square cut system in rock whose coefficient of 
strength is '024, 22 i^ inch diameter holes are 
required to advance the heading 3 feet 6 inches, what 
number of holes should sink 3 feet 6 inches in a 
rectangular shaft 14 feet x 8 feet in similar rock ? 

The number of holes are given by the formula, 

N = 4-24C.V. 

And as the volume of rock V which will be 
blasted is 

14 X 8 X 3I = 392 cubic feet, 

N = 4*24X '024x392 = 40 holes nearly. 

For the method of placing the holes see Figs. 57, 
58, 59, 60 and 61. 

149. Example 14. Position of Chambers, and 
Charge for a Large or Giant Blast. — If the co- 
efficient of the rock is • 03 for coarse blasting powder 
which has a specific gravity of o • 7 in bulk, and one 
pound of such powder will give the required ballistic 
effect to three tons of rock (as found by trial blasts), 
the specific gravity of the rock being 2*62, what 
weight of charge and dimensions of chambers will 
be required to blast a line of resistance of 50 feet in 
a bench of rock, 150 feet long and 53 feet high, the 
ends of which are open as illustrated in Figs. 87, 88 
and 89, if each chamber be given a square section 
at right angles to the line of resistance ? 
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For shearing we should make the sectional area 
of chamber at right angles to line of resistance 
A = C^ S W, and we have for the chamber co* 
efficient (see Art. 38) 

^ = g = Ca W = -03 X 50= 1-5. 



^giaiii^B^teg^ 




Fig. 87. 
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Fig. 88. 
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But we have for a square section of chamber 
whose side is /. (Art, 38.) 

A __ / 

S "4- 

Therefore — = i • 5 and 

/ = 6 feet. 
Hence the length of the chamber is 6 feet, and 




Fig. 89. 



its depth 6 feet, and the area A = 6 feet x 6 feet 
= 36 sq. feet. 

The width of the chamber will be determined by 
the volume of the charge as calculated below. 

The number of chambers required, as they may 

be placed a distance of eW apart, is ^^, and as 



AND THEIR GENERAL APPLICATION. 241 



/2-84S 



^ 50 ^W 50x1 'id 

= 2-6, that is, three chambers are required. 

The volume of rock to be blasted is 

150 X 53 X 50 = 397500 cubic feet. 

For a specific gravity of 2 '62 there will be 13 J 
cubic feet in one ton, and consequently the weight 
of the 397,500 cubic feet is 

3975QQ -. 29444 tons. 
13 '5 

The weight of powder therefore required is 
?9444 = 9815 lbs. 
which is to be placed in three chambers, or 

? — 5 = 3272 lbs. in each. 
3 

The volume of 3272 lbs. of powder is 

— 5__L =75 cubic feet 

•7 X 62-4 '^ 

Consequently each chamber should have a 

width of 

^ = 2*o8 = 2 feet I inch. 
36 

Therefore the cross section of each chamber 
will be 6 feet x 2 feet i inch, and the shearing 
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force of the charge corresponding thereto equal to a 
line of resistance of 

^= 25-8 feet 

The chambers should be situated at the base of 
the bench of rock, and should be so placed that each 
is given a line of resistance of 50 feet towards the 
front face ; the one midway between the end faces, 
and the others so that the one chamber is 25*8 feet 
from one end face, and the other chamber 25*8 feet 
from the otlier end face. Consequently, the distance 
between the central and each end chamber will be 
40*2 feet or less than ^W, which is a favourable 
condition for the rupture of the intervening rock. 

When such large quantities of explosive are used 
great care must be taken to ensure an efficient blast. 
The chief consideration is that the charge should be 
able to overcome the resistance of the mass, and to 
ensure this the chambers should be dimensioned to 
enable the charges to overcome a considerably 
greater line of resistance than the actual. For ex- 
ample, if 1 5 per cent margin be considered ample to 
meet all contingencies, this will be provided by 
increasing the side / of chamber 1 5 per cent., namely 
from 6 feet to 6*9 feet, and consequently making 
the section of chambers opposite the front face, or at 
right angles to the line of resistance, 6*9 feet x 
6*9 feet On the other hand, as the cubical contents 
of the chambers must be the same in each case, the 
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width of each chamber will be reduced from 2 • 08 feet 
to 1-58 foot. 

The positions of the chambers are given in the 
figures. An enlarged view of one of the chambers 
is shown in Fig. 90. 






161^: 







Fio. 90. 



N.B. — If there were no shearing resistance, an 
elongated form of chamber would be preferable. 

The charge (in suitable packages) should be 
placed in the chamber in a watertight deal box, of 



R » 
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say i\ inch thick boards, and the open spaces between 
the rock and the sides of the box filled completely 
with fine sand ; hence the dimensions of each cham- 
ber which has to be excavated in the rock are : 

Length 6 ft. ii in. + (2 x i^ in.) = 7 ft. 2 in. 
Depth 6 ft. II in. + (2 X i^ in.) = 7 ft. 2 in. 
Width I ft. 7 in. + (2 x i^ in.) = i ft. 10 in. 

In this case the chambers are best excavated by 
driving horizontal headings, which must turn at right 
angles at least once on their way to the powder 
chambers, to prevent the tamping being blown out. 
The size of the headings should be about 5 feet x 
3 feet. If the ends of the bench of rock were not 
open a vertical shaft would have to be sunk to the 
central chamber, and headings driven from the 
bottom of the shaft to the other chambers. 

150. Range of Consumption of Explosive in 
Quarries, Tunnels and Mines, — The results obtained 
in practice, except under the most exceptional con- 
ditions, are as follows : — 

{a) For small blasts in open workings, a con- 
sumption of explosive ranging from \ to \ lb. 
of powder, and from iV ^^ i^ ^^' of dynamite per ton 
of rock respectively. 

{b) For large blasts in open workings, a con- 
sumption of explosive ranging from i to ^ lb. of 
powder, and from 2^ to ^ lb. of dynamite per ton of 
rock respectively. 
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(c) For headings and tunnels, a consumption of 
explosive ranging from ^ to 2 lbs. of dynamite per 
ton of rock. 

The above figures show to what extent the con- 
sumption of explosive may be influenced by the 
structure and tenacity, or cohesive resistance, of the 
rock, and the size and shape of the workings. The 
quantity of explosive required in any case, when the 
special conditions are given, may easily be calculated 
as explained in the preceding examples. 
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Table I. — Maximum Lines of Resistance W in Inches for Dynamite 

Length of 
Directioii of 



Diameter 

of 
Chamber 
in inches. 



Coefficients Ca 



•04 



•038 



■036 



'034 



•032 



Very strong rock, ^ = 2*38. 



■03 



•028 



•026 



Strong 



li 



li 



i 



If 

If 



If 



i| 



4 



2t 



2| 



A 



2« 



2| 



»7 



8-62 

io*o6 
11-50 
12-94 
14-38 
15-81 
17-25 
18-69 
20-12 
21-56 
23-00 
24-44 
25-88 
27-31 

28-75 
30-19 
31-62 
33*06 
34-50 



9-08 


9-58 


10-15 


10 -60 


11-17 


11-84 


I2-IO 


12-78 


13-53 


13-61 


14-37 


15-22 


15-12 


15-97 


16-91 


16-63 


17-57 


18-60 


i8-i6 


19-16 


20-30 


19-67 


20-76 


21-99 


21 -18 


22-36 


23-68 


22-70 


23-95 


25-37 


24-20 


25-56 


27-06 


25-71 


27-15 


28-75 


27-22 


28-75 


30-44 


28-75 


30-35 


32-13 


30-26 


31-94 


33-82 


31-77 


33-54 


35-52 


33-26 


35-14 


37-20 


34-80 


36-73 


38-90 


36-30 


38-34 


40-59 



10-78 

12-57 

14-37 
16-16 

17-96 

19-75 
21-56 

23-36 
25-15 
26-94 
28-741 
30-53 
32-33 
34-12 

35-92 
37-73 
39-50 
41-31 
43-" 



11-50 

13-42 

15-33 
17-24 

i9'i6 
21 -08 
23-00 
24-92 
26-84 

28-75 
30-66 

32-57 
34-49 
36-41 
38-32 
40-25 
42-16 
44-08 
45-99 



12-32 
14-37 
16-43 
18-48 
20-54 
22-59 

24-64 
26*69 

28-75 
30-80 

32-86 
34-91 
36-97 
39-02 
41-08 
43-12 
45-18 

47-23 
49-29 



13-27 
15-48. 
17-69 
19-90 
22-11 
24-32 
26-54 

28-75 
30-96 

33-17 
35-38 
37-59 
39-80 
42-01 
44-22 

46-44 
48-64 
50-86 
53-07 



14-37 
16-76 
19*16 
21-55 
23-95 
26-34 
28-74 

31-15 
33-53 
35-92 
38-32 

40-71 

43-" 
45-50 
47-90 
5029 
52-68 
55-08 
57-48 



N.B. — ^This table is also applicable for any other explosive for which the 
or coefficient of the rock is -03 for gunpowder, the line of resistance for 
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Charges in Boreholes calculated from the formula W = -^— 
Charge = 12^. 



A _ -46 ^/ 



for 



blast horizontal. 





Coefficients Co. 










•022 


•02 


*oi8 


•oi6 


•014 


•012 


*0I 


•008 


•006 




rock, ^ = 2. 


Moderately strong rock, e = 1 


i 


Weak rock, ^ = I. 




15-68 


17-25 


19*17 


21-56 


24-64 


28-75 


34-50 


43-12 


57-50 




18-29 


20*12 


22*36 


25-15 


28-75 


33 54 


40-25 


50-30 


67*08 




20*90 


23*00 


25-55 


28-75 


32 85 


38-33 


46*00 


57-50 


76*66 




23-51 


25-87 


28*74 


32-34 


36-95 


43-12 


51-75 


64*69 


86*24 




26*12 


28-75 


31-94 


35-93 


41-06 


47-91 


57-50 


71*87 


95-82 




28*73 


31*62 


35-13 


39 "53 


45-17 


52*70 


63-25 


79*06 


105*40 




31-36 


34-50 


38-34 


43-12 


49-28 


57-50 


69*00 


86*24 


115*00 




33-97 


37-38 


41-53 


46-71 


53-39 


62*29 


74-75 


93-43 


124-58 




36-58 


40*25 


44*72 


50-30 


57-50 


67*08 


80*50 


100*62 


134*16 




39-19 


43-12 


47-91 


53-90 


61-60 


71-87 


86*25 


107*80 


143-74 




41*80 


46*00 


51*10 


57-50 


65-70 


76*66 


92*00 


115*00 


153-32 




44-41 


48*87 


54-29 


61-09 


69-80 


81-45 


97-75 


122*19 


162*90 




47*02 


51-75 


57-49 


64-68 


73-91 


86*24 


103*50 


129*37 


172*48 




49-63 


54-62 


60 -68 


68-48 


78-02 


91*03 


109-25 


136-56 


182*06 




52*24 


57-50 


63-88 


71-86 


8a-i2 


95-82 


I I 5 • 00 


143-74 


191*64 




54-87 


60*38 


67*08 


75-46 


86-24 


100*62 


120*75 


150-93 


201*24 




57-46 


63*24 


70*26 


79-06 


90-34 


105*40 


126*50 


158*12 


210*80 




60*09 


66*12 


73-46 


82-65 


94-45 


110*20 


132-25 


165-30 


220*40 




62*70 


69*00 


76*65 


86-25 


98-55 


114*99 


138*00 


172-50 


229*98 



coefficient C« of the rock has been foimd. For example, if the strength 
this explosive will be given under the coefficient C, = * 03 in the table. 
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Table III. 
Depths of Boreholes for Shearing according to the 

FORMULiE 

D=^ + W and «=I2</. 

2 



Line 
of 


Diameter of Boreholes in inches. 


Resist- 
ance. 


I 


«* 


iJ 


If 


It 


«* 


If 


il 


3 


2* 


3 


feet. 
I-o 

1*3 
1-6 

i'9 

3'0 
23 

3-6 
3-9 
3*o 
33 
3-6 

39 
4-0 

4'3 
4-6 

4*9 

S-o 

5-6 
5-9 
60 

6-3 
6-6 
6-9 
7*0 

7*3 
7-6 

7-9 
8-0 


ft. in. 
I 6 

1 9 
3 

2 3 

3 6 
3 9 

3 
3 3 
3 6 

3 9 

4 


ft. in. 

I 7 

1 10 
3 I 
3 4 

2 7 

3 10 

3 I 
3 4 
3 7 

3 10 

4 I 
4 4 
4 7 


ft. in. 

1 II 

3 3 

2 5 

3 8 
3 II 
3 2 

3 5 
3 8 

3 II 

4 2 
4 5 
4 8 
4 II 


ft. in. 

3 

2 3 

3 6 
3 9 

3 
3 3 
3 6 

3 9 

4 
4 3 
4 6 

4 9 

5 
5 3 
5 6 


ft in. 

2 3 

3 6 

2 9 

3 
3 3 
3 6 

3 9 

4 
4 3 
4 6 

4 9 

5 

5 6 

5 9 

6 


ft in. 

2 4 

2 7 

3 10 

3 I 

3 4 
3 7 

3 10 

4 I 
4 4 
4 7 

4 10 

5 I 
5 4 
S 7 

5 10 

6 I 

6 4 
6 7 


ft. in. 

3 8 
3 II 
3 2 

3 5 
3 8 

3 II 

4 2 
4 5 
4 8 

4 II 

5 2 

f I 

v\ 

6 5 
6 8 
6 II 


ft. in. 

3 8 
3 II 
3 2 
3 5 
3 8 

3 II 

4 2 
4 5 
4 8 

4 II 

5 2 
5 5 
5 8 

5 II 

6 3 

6 5 
6 8 

6 II 

7 2 
7 5 


ft. in. 

3 
3 3 
3 6 

3 9 

4 
4 3 
4 6 

4 9 

5 

5 1 
5 6 

5 9 

6 

6 3 
6 6 

6 9 

7 
7 3 
7 6 

7 9 

8 

• • 

• • 

• • 


ft. in. 

3 9 

4 
4 3 
4 6 

4 9 

5 
5 3 
S 6 

5 9 

6 

6 3 
6 6 

6 9 

7 
7 3 

7 6 

2 '^ 

8 

8 3 
8 6 

8 9 

9 
9 3 


ft. in. 

4 6 

4 9 

5 
5 S 
5 6 

5 9 

6 

6 J 
6 6 

6 9 

7 

7 6 

7 9 

8 

8 3 
8 6 

8 9 

9 

9 6 



2SO THE PRINCIPLES OF ROCK BLASTING 



Table IV. — Lines of Resistance for two, three and four shot- 
holes of the same diameter, and having the same length of 
charge, situated a distance K apart from each other in line 
parallel to the free face, when the line of resistance for one 
such shothole is taken as unity, and the length of charge twelve 
times the diameter of the hole. 





Two Shotholes. 


Three Shotholes. 


Four Shotholes. 


Distance 

K 

between 

holes. 


Diameter of Holes in 
inches. 


Diameter of Holes in 
inches. 


Diameter of Holes in 
inches. 


Inches. 


I 


li 


2 


3 


I 


li 


2 


3 


I 


li 


2 


3 


I 
3 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

13 

13 
14 
IS 
i6 

17 
i8 


1-73 
I •62 

I-S3 
1-44 
I 36 
1-30 


1-77 
1-70 
I "62 
I-S6 
1-50 
1-44 

1-39 
x-34 
I -30 


1-79 

173 
1-67 
163 
1*57 
i*53 
1-49 
1-44 
1-40 
1-36 
i'33 
1-30 


i-8i 
1-77 

1-73 
I "69 
1-66 
r*62 

i'59 
i-S6 
I-S3 
1-50 
1-47 
1-44 
I -41 
1-38 
1-36 

I "34 
1-32 

.-so 


2*29 

2-05 
1-85 
1-69 

1-56 
1-44 


2-38 

2 '20 
2-05 
1-92 
I -80 
1-70 

i-6o 
1-52 
1-44 


2-43 
2*29 
2-27 

2*05 

1-95 
I-8S 
1-77 
1*69 
1*62 
i-S6 
1-50 
1-44 


2-48 
2-38 
2*29 

2*21 

2-13 

2-05 
1-98 
1-91 
1-85 

1-79 

i"74 
I '69 

1-64 
I '60 

1-56 

I'S2 
1-48 

x-44 


2-; 

2*( 

I-( 
I'« 

I': 


r3 

50 

55 
S7 

53 

JO 


2'i 
2-( 

2-- 
2-] 
2-C 

i( 
!•; 

I': 


>o 

56 

>o 

r3 

)2 

>3 
W 
M 


2-97 
2-73 
2-53 
2-36 

2*21 
2 -08 
1*96 

I-8S 
i'79 
1-67 
i-6o 

1*53 
I -46 

1-40 
i'35 
1-30 

' * 


3-06 
2-88 

2-73 
2 '60 
2-48 
2-36 
2 '26 

2'l6 
2 '08 
2' 00 
1*92 

I-8S 
1-79 
1-73 
1-67 
1*62 

I-S7 
I 53 
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(W \ 
r~ j for a Shot- 

' hole whose diameter is d^y length of charge 12 d^^ and angle to 
Line of Resistance ^, the Line of Resistance being taken as 
unity for a Shothble whose diameter is ^ = i in., length of charge 
12^, and angle to Line of Resistance 90 degrees, according to 

the formula :r^ = -. , ,. . - 

W (12 4-cosec^) d 



Angle b of 
Shothole. 
Degrees. 


Values of (/|. 


I 


I* 


li 


«* 


I* 


»* 


I* 


«i 


2 


S 


•55 


•62 


•69 


•75 


•82 


•89 


•96 


1-03 


I^IO 


6 


•60 


•67 


•75 


•82 


•90 


•97 


1-05 


1^12 


I^20 


7 


•64 


•72 


•80 


•88 


•96 


1^04 


1^13 


I •20 


1-28 


8 


•67 


•75 


•83 


•92 


I^OO 


I -08 


1^17 


^•25 


1^34 


9 


•70 


•79 


•88 


•96 


I -OS 


1^14 


1^22 


^•3i 


1^40 


10 


•73 


•82 


•91 


I '00 


1-09 


i^i8 


1^27 


1-36 


i^46 


II 


•75 


•84 


'93 


1-03 


I-I3 


1^33 


i'3i 


1^40 


i^5o 


12 


•77 


•86 


•'96 


I "06 


i^i6 


^•25 


^•35 


144 


^•54 


13 


•79 


•89 


•99 


1*09 


i^i8 


1-38 


i^38 


1^48 


1-58 


14 


•80 


•90 


I^OO 


I- 10 


I '20 


1-30 


1-40 


I •50 


i^6o 


16 


•83 


•93 


1^04 


I-I4 


1-24 


1^34 


1^45 


1^55 


1-66 


19 


•86 


•97 


1^07 


i-i8 


1^39 


1-40 


1-51 


i-6i 


1^72 


33 


•89 


I^OO 


I'll 


I''22 


133 


1-44 


1-56 


1-67 


1-78 


36 


•91 


I^02 


I '13 


1-24 


1-36 


1-47 


i"59 


170 


1-82 


30 


•93 


1-05 


116 


1-28 


I "39 


1-51 


I 63 


i"74 


I 86 


35 


•95 


1^07 


I-I9 


i'3i 


1^43 


^•54 


166 


1^78 


1-90 


40 


•96 


i^o8 


1*20 


132 


1^44 


1-56 


I 68 


I 80 


1*92 


45 


•97 


1*09 


1^21 


I 33 


1-45 


^•57 


1^69 


182 


1-94 
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Table VI. 
Approximate Volumes (V) in Cubic Feet of Rock, which 

WILL BE BLASTED BY A CONCENTRATED CHARGE WHEN 
THERE ARE OnE, TwO, ThREE OR FoUR FrEE FaCES 

(Open Joints must be considered as Free Faces). 



Line of 


One Free 


Two Free 


Three Free 


Four Free 


Five Free 


Resistance 


Face, 


Faces, 


Faces, 


Faces, 


Faces, 


W in feet 


V = li W». 


V = If W». 


V = 2J W». 


V = 3 w». 


V = 4W». 


I 


133 


1-67 


2-33 


3-00 


4-00 


\\ 


2 '60 


3-25 


4-55 


S-85 


7-8o 


If 


4-So 


5-62 


7-87 


10*12 


13-50 


7-15 


8-94 


12-51 


16-08 


21-44 


2 


io*66 


13-36 


18-66 


24-00 


32-00 


2\ 


1518 


18-97 


26-57 


34-17 


45-56 


2X 
2} 


20*82 


26 03 


36-46 


46-87 


62-50 


27-73 


34-66 


48-53 


62-40 


83-20 


3, 


36-00 


45-00 


63-00 


8i-oo 


108-00 


3i 


45 '77 


57-21 


80-10 


102-99 


137-32 


3i 


S7'i7 


71-46 


100-04 


128-62 


171-50 


3i 


70-31 


87-89 


123-04 


158-19 


210*92 


4 


8S-33 


106-67 


149-33 


192*00 


256-00 


4i 


102-35 


127-93 


179-10 


230-28 


307-04 


4i 


121-50 


151-87 


212-62 


273-37 


364-50 


4l 


142-89 


178-61 


250-06 


321-51 


428*68 


5 


166-66 


208-33 


291*66 


375-00 


500 - 00 


5i 


192-93 


241-16 


337-63 


434-10 


578-80 


Si 


221-83 


277-29 


388-21 


499-12 


665-50 


Si 


253-48 


316-85 


443-59 


570-33 


760-44 


6 


288-00 


360-00 


504-00 


648-00 


864-00 


6i 


325-52 


406 • 90 


569-66 


732-42 


976-56 


6i 


366-16 


457-70 


640-79 


823-87 


1098-50 


6f 


410*06 


512-57 


717-61 


922-65 


1230*20 


7 


457-33 


571-67 


800-33 


1029-00 


1372-00 


7i 


508-10 


635-12 


889-18 


1143-24 


1524-32 


7i 


562-50 


703-12 


984-37 


1265-62 


1687-50 


U 


620-64 


775-80 


1086-12 


1396-44 


1861-92 


8 


682-66 


853-33 


1194-66 


1536-00 


2048*00 



N.B. — The faces are supposed to be at right angles to each other. 
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Table VII. 

Approximate Volumes of Rock in Cubic Feet which will 
be blasted in the case op stepped workings, two 
Free Faces and Single Boreholes. 











V = 


2 


= = 6^. 






Line of 




Diameter d of Boreholes in inches. 


Resist- 








ance 




















in feet 


I 


H 


't 


II 


2 


2j 


2} 


2l 


3 


I 


1-50 


1-62 
















li 


4-50 


4-78 
















2 


lO'OO 


10-50 


II'OO 














4 


18-75 


19*53 


20-31 














3 


31-50 


32-63 


33 '75 


34-88 












Z\ 


49-00 


50-53 


52*06 


53-59 












4 


72-00 


73-90 


76-00 


78-00 


8o*oo 










4i 






103-78 


106-31 


108-84 


111-38 










5 






140-62 


143-75 


146-88 


150-00 


153*12 








5i 






•• 


189-06 


192*84 


196-63 


200*41 








6 






. , 


243-00 


247-50 


252*00 


256*50 


261-00 






6* 










3ii*593i6*88 


322-16 


327-44 






7 










385-88392-00 


398-13 


404-25 


410-37 




7i 








• . 




478-13 


485-16 


492-19 


499-22 




8 












576-00 


584-00 


592-00 


600 - 00 


608 • 00 


9 














820-13 


830*25 


840-38 


850-50 


10 ' 














III2-50 


1125-00 


1137-50 


1150-00 


II 
















1482-25 


1497-38 


1512-50 


12 
















1908-00 


1926-00 


1944-00 


13 






•• 


•• 


•• 






•• 


2429-38 


2450-00 


14 


















3013-50 


3038-00 


IS 




















3712-05 


16 




















4480-00 
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Table VIII. 
Approximate Volumes of Rock in Cubic Feet which will 

BE BLASTED IN THE CASE OF STEPPED WORKINGS, ThREE 

Free Faces and Single Shotholes. 













V = 


|W + i 


«W*. 


J« = 9 


d. 






Lineo! 
Resist- 


Diameter of Boreholes in inches. 


ance 
in feet. 


I 


U 


1* il 


2 


2i 


2\ 


2f 


3 


I 


2 


•25 


2-44 


2-63 


2-81 












li 


6 


•75 


7-17 


7-59 


8-02 


8-44 










a 


15 


•00 


15-75 


16-50 


17-25 


18-00 










*i 


28 


•12 


29-30 


30-47 


3164 


32-81 


33-98 








3 


47 


•25 


48-94 


50-63 


52-32 


54-00 


55-69 








Ik 


73 


•50 


75-80 


78-09 


80-40 


82-69 


84-98 


87-28 






4 


108 


•00 


III-OO 


114-00 


117-00 


1 20 * 00 


123-00 


126-00 






4i 


151 


•88 


155-67 


159-47 


136-27 


167-06 


170-86 


174-66 


178-46 




5 






210-94 


215-63 


220-33 


225-00 


229-69 


234-38 


239-08 




5^ 






277-92 


283*59 


289-28 


294-94 


300-61 


306-27 


311-94 


317-61 


6 






• • 


364-50 


371-27 


378-00 


384-75 


391-50 


398-25 


405 ■ 00 


6* 










459-47 


467-41 


475'3i 


483-23 


491-15 


499-08 


507*00 


7 












578-84 


588-00 


597-19 


606 38 


615-56 


624-75 


7i 


• 










706-67 


717-19 


7.27-73 


738-28 


748-83 


759-38 


8 














864-00 


876-00 


888-00 


900 - 00 


912*00 


8* 














1029-56 


1043 -II 


1056-66 


1070*20 


1083*75 


9 
















1230-19 


1245-38 


1260*56 


1275-75 


9* 










.. 


• • 




1438-37 


1455-28 


1472*20 


1489*11 


lO 
















« • 


1687-50 


1706 -.25 


1725*00 
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Table IX. 
Approximate Volumes of Rock in Cubic Feet which will 

BE blasted in the CASE OF STEPPED WORKINGS, FoUR 

Free Faces and Single Shotholes. 



V = 2W» + »»W«. 



m = 12^. 



Line of 
Resist- 


Diameter of Boreholes in inches. 


ance 
in feet. 


I 


It 


li 


il 


2 


ai 


A 


2* 


3 


I 


3-00 


3-25 


3-50 


3"75 


4-00 










14 


9 'GO 


9'56 


10-13 


10-69 


11-25 


11-91 








2 


20*00 


21- 00 


22-00 


23-00 


24-00 


25-00 








A 


37-50 


39*06 


40-63 


42-19 


43-75 


45-31 


46-87 






3 


63*00 


65-25 


67-50 


69-75 


72-00 


74-25 


76-50 






z\ 


98-00 


ioi-o6 


104-13 


107-19 


110-25 


113-31 


116-38 


1X9*44 




4 


144*00 


148-00 


152-00 


156-00 


160-00 


164-00 


168 • 00 


172*00 




44 


202-50 


207-56 


212*62 


217-68 


222-75 


227-82 


232-88 


237-94 


243-00 


5 




281-25 


287-50 


293-75 


300-00 


306-25 


312-50 


318-75 


325-00 


54 






370-56 


378-13 


385-69 


393-25 


400-81 


408-38 


415-94 


423-54 


6 








486-00 


495-00 


504-00 


513-00 


522-00 


531-00 


540-00 


64 










6x2-73 


623-29 


633-85 


644-41 


654-97 


665-54 


676-10 


7 












771-75 


784-00 


796-25 


808-50 


820-75 


833-00 


74 












•• 


956-25 


970-31 


984-38 


998-44 


10x2*50 


8 














1152-00 


1168-00 


1184*00 


1200-00 


1216*00 


84 
















1390-81 


1408-88 


1426-94 


X44S-00 


9 
















1640-25 


1660-50 


1680*75 


1701*00 


94 










•• 


•• 


•• 


•• 


1940-38 


1962-94 


1985-50 


10 
















•• 


2250-00 


2275-00 


2300*00 
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Table X. 

Approximate Volumes of Rock in Cubic Feet which 
will be blasted in the case of stepped workings, 
Two Free Faces and similar Shotholes placed a 
Distance aW apart, and fired simultaneously. 



Two shotholes, V = 3 W» + } « W«. 



i m = 18 ^. 



Line of 


Diameter of Boreholes in inches. 


Resist- 




ance 
















in feet. 


I 


«* 


1} 


li 


2 


2i 


2j 


2f 


3 


I 


4-50 


4-88 


S'25 














14 


x3"5o 


I4"34 


15*19 


1603 












2 


30" 00 


31 "SO 


33* 00 


34-50 


36-00 










ai 


56 -^s 


58-59 


60-95 


63-29 


65-63 










3 


94' 5 


97-88 


101-25 


104-63 


io8'oo 


III-38 


"4-75 






z\ 


147-00 


i5i"59 


156-19 


160-78 


165-38 


169-97 


174-56, 179*16 




4 


2i6-oo 


222-00 


228-00 


234-00 


240*00 


246-00 


252-00 


258-00 


264-00 


4i 


303 '75 


3"*34 


318-94 


326-53 


334-13 


341-72 


349*31 


356-91 


364-50 


5 




421-88 


431 '25 


440-63 


450-00 


459-38 


468-75 


478 13 


487-50 


l\ 


. . 


555-84 


567*19 


578-53 


589-88 


601*22 


612-56! 623-91 


635*25 


6 


. , 




729-00 


742-50 


756-00 


769-50 


783-00 796-50 


810 • 00 


6i 


. , 






934-78 


950*63 


966-47 


982-31 998-i6!ioi4-oo 


7 


• , 








1176-00 


1194-38:1212-75 i23i-i3>249-5o 


8 


•• 








1728 -00J1752 -0011776 -00 1800 •oo!i824- 00 



Three shotholes, V = 5 W» + f « W». 



|iw = 30^. 



I 

2 

4 

4i 

ii 

6 

6i 

7 



7-5 
22-5 
50-00 

93*75 
157-5 
245-00 
360*00 



8- 

23' 
52' 
97' 
163' 
252' 
370' 
518- 
703' 



8- 
25' 
55 

lOI 

168 
260 

380 

531 
718 

945 



26- 

57" 
105 ■ 
174' 
267' 

590' 
544' 
734' 
764" 
1237' 
1557' 



60 
109' 
i8o' 

275' 
400' 

556' 

750' 

983' 
1 260' 

1584 
i960 



"3 

185 

283 

410' 

569 

765' 

1002 " 

1282' 

i6io" 

1990 



191-25 

290-94 

420-00 

582-19 

781-25 

1020-94 

1305-00 

1637-19 

2021-25 



298*59 
430*00 

594-84 
796-88 
1039-84 
1327'' 50 
1663-60 
2051-88 



440 - 00 
607-50 
8x2-50 

1058-75 
1350-00 
1690-00 
2082-50 
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Table XII. — Capacity of One Foot of Borehole 
IN Cubic Inches. 



Diam 


Cubic 


Diam. 


Culnc 


Diam. 


Cubic 


Diam. 


Cntuc 


of Bore- 


Inches 


of Bore- 


Inches 


of Bore- 


Inches 


of Bore- 


Inches 


hole in 
Inches. 


per Foot. 


hole in 
Inches. 


per Foot 


hole in 
Inches. 


per Foot. 


hole in 
Inches. 


per Foot. 


f 


5*3 




19*45 


^1 


47-71 


3ft 


123 "84 


« 


6-22 


i4 


21 '20 


."* 


53-16 


3l 


132-50 


\ 


7-22 


xft 


23*00 


2i 


58*90 


3i 


141-50 


M 


8-28 


I« 


24*88 


2\ 


64 93 


4 


150-90 


I 


942 


iH 


26 83 


A 


71*26 


4i 


170-20 


lA 


10 63 


li 


28*86 


^\ 


77-90 


4^ 


190-80 


i4 


11-93 


'+«^, 


30-95 


3 ^ 


84*83 


4i 


212*65 


lA 


i3»8 


A 


33'i3 


.3^ 


92*10 


,5 


235-70 


li 


14-72 


lit 


35-36 


3l 


99-54 


5* , 


259-70 


lA 


l6'22 


2 


37-70 


3l 


107-35 


5i 


285-00 


xi 


17-80 


H 


42-55 


3i 


"5-45 


6 


339 25 



Table XIII. — ^Weight of a Lineal Foot of Round,. 
Octagonal and Square drilling Steel. 

Note. — The diameter of octagon steel is measured across the sides. 



Diam. of 








Diam. of 








Round and 




Octa- 




Round and 




Octa- 




Octagon 
and Side 


Round, 
lbs. 


gonal, 
lbs. 


Square, 
lbs. 


Octagon 
and Side 


Round, 
lbs. 


gonal, 
lbs 


Square. 


of Square 








of Square 








in Inches. 








in Inches. 








■^ , 


•094 


•099 


*I20 


I 


2*673 


2*819 


3-403 


1 


•167 


•176 


•213 


,'* 


3-382 


3-568 


4-307 


A 


•261 


•275 


-332 


li 


4*176 


4-405 


5-317 


1 


•376 


'396 


-479 


,'* 


5-053 


5-330 


6-433 


A 


•5" 


•540 


•651 


li 


6*013 


6-343 


7-656 


i 


*668 


-705 


-851 


.'« 


7-057 


7-444 


8*985 


tV 


*846 


•892 


1*077 


1} 


8*185 


8-633 


10*421 


« 


1*044 


I'lOI 


1*329 


A 


9-396 


9-910 


11-963 


^ , 


1*263 


1-332 


I -608 


a 


10*690 


11*276 


i3*6ii 


1 


1-503 


1*586 


1*914 


,"i 


13-530 


14*271 


17-227 


« 


1*764 


1*861 


2*246 


'*. 


16*703 


17*61821*267 


1 


2*046 


2*158 


2*605 


^i 


20*211 


2i-3i8;25*734 


« 


2-349 


2*473 


2*991 


3 


24-053 


25-37130-625 
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Table XIV.— Useful Hydraulic Data. 



One cubic inch) 
of water . . j 



One cubic foot) 
of water . . f 



One gallon ofl 
water . . f 



One ton of water 



One lb. of water = 



One cubic metre) 
of water . . \ 



One cubic centi-) 
metre of water f 



One litre of water = 



•0361 lb. 

* 00361 gallon. 

* 0000 1 6 cubic metre. 
'0164 litre. 

'0x64 kilogramme. 

6«' 3551^8. = "557 cwt = ' 028 ton. 
6* 236 gallons, or say 6^ gallons. 
'0283 cubic metre. 
28 '3 litres. 
28*3 kilogrammes. 

10 lbs. of fresh water, or 10*272 lbs. of 
salt water. 

* 16 cubic feet, or 277 cubic inches. 
4*54 litres. 

4*54 kilogrammes. 
'0454 cubic metre. 
36 cubic feet of fresh water, or 35 cubic 

feet of salt water. 
224 gallons of fresh water, or 218 gallons 

of salt water. 
1016 kilogrammes. 
10 1 6 litres. 
I '0165 cubic metre. 
'oi6 cubic foot = 27*72 cubic inches. 

* 10 gallon. 
'4536 kilogramme. 
•4536 litre. 

•0004536 cubic metre, 
tooo litres. 

1000 kilogrammes. 

35*3'7 cubic feet = 61028 cubic inches. 

220 gsdlons. 

•001 litre. 

*ooi kilogramme. 

'o6z cubic inch. 

* 00022 gallon. 
'0022 lb. 

I kilogramme, 
'ooi cubic metre. 
*22 gallon. 
2 ' 2046 lbs. 

•0353 cubic feet, or 61 cubic inches, 

S 2 
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Table XV. — ^Weight of Stone and Mineral Substances. 



Description. 


Specific 
Gravity. 


Weight of 

1 Cubic 

Foot. 


Weight of 
I Cubic 
Yaid. 


Number of 

Cubic Feet 

in I Ton. 


Basalt, Scotch . 


2*95 


lbs. 

184 


lbs. 

4970 


c. t 
12 


Chalk . 


2-33 


145 


3900 


IS 


„ ... 


2-62 


162 


4370 


i3f 


Granite, Aberdeen grey 


2 '62 


163 


4400 


i3i 


» >f red 


2-62 


165 


4450 


n\ 


„ Cornish 


2-66 


166 


4480 


n\ 


Limestone, compact . 


2-58 


161 


4340 


n\ 


Marble, Egyptian green 


2-67 


167 


4500 


n\ 


„ Carrara 


272 


170 


4590 


i3i 


Oolite, Portland stone 


2*42 


151 


4070 


IS 


„ Bath stone 


1-98 


123 


3320 


i8i 


Sandstone 


2-51 


157 


4240 


Ml 


Slate, Cornwall . 


2-51 


157 


4240 


I4l 


„ Welsh . 


2-88 


180 


4860 


I2i 


Trap 


2*72 


170 


4590 


i3i 


Qimrtz 


2-75 


171 


4620 


13 


Coal, bituminous 


1*29 


80 


2160 


28 


„ anthracite. 


I 60 


100 


2700 


22| 


Earth, from 


152 


77 


2080 


29 


„ to . . 


2* 


"5 


337S 


18 


Mortar, average 


1-70 


106 


2860 


"i 


Mud 


1-70 


105 


2830 


"i 


Felspar . 


2 '62 


165 


4450 


13* 



Note. — Solid rock increases about one-fifth in bulk, and de- 
creases correspondingly in weight when broken and loaded. 
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Table XVII. 
Pressure of Atmospheres in Lbs. per Square Inch. 



Atmospheres 
= lbs. per sq. in. 


Atmospheres 
= lbs. per sq. in. 


Atmospheres 
= lbs. per sq. in. 


Atmospheres 
= lbs. per sq. in. 


\ 7-35 


3 44*1 


5i 80-85 


8 I17-6 


.1 14-7 


3i 51-45 


6 88-2 


8J 124-95 


ij 22-05 


4 58-8 


6i 95-55 


9 132-3 


2 29-4 


44 66-15 


7 102-9 


9i 139 65 


H 36-75 


5 73-5 


7i IIO-25 


10 147*0 



One cubic foot of air, at 14*7 lbs. per square inch, or one atmosphere, 
weighs *o8o728 lb. at 32° F. 

One lb. of air, at 14 '7 lbs. per square inch, 62^ F., occupies 13' 141 cubic feet. 



Table XVIIL 
Decimal Equivalents of an Inch. 



■h = •o3"S 


A= -28125 


H= •53125 


l# = 


•78125 


A = -0625 


A = -3125 


■h= -5625 


« = 


•8125 


A = -09375 


H = -34375 


41= -59375 


H- 


-8437s 


\ = -"5 


f = -375 


\ = -62s 


4 = 


-875 


A= -15625 


if = -40625 


fi= -65625 


lt = 


•90625 


A =.-1875 


A = -4375 


«=-6875 


H = 


-9375 


A= -21875 


hi = -46875 


M= -71875 


l* = 


-96875 


i = -2S 


\ =-5 


f =-75 


1 = 1 


•0 
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Table XIX. 
Properties of the Circle. 



Circumference 
Diameter 
Diameter X -8862 
Diameter X '7071 
Diameter 
Area . 
Diameter 
Length of arc . 
Sphere, solidity of 



= diameter X 3 '1416, or, X 3|. 

= circumference X •31831. 

= side of an equal square. 

= side of an inscribed square. 

= I * 1283 Varea of circle. 

= diameter squared X '7854. 

= Varea X i'i283. 

= number of degrees X '017453 radius. 

= diameter* X •5236. 
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" Advance " in a heading, 120 
Advantages of electric firing, 158 
Amberite, 179, 185, 195-197 
Ammonite, 179, 185, 202, 205 
— directions for using, 216, 217 
Andrde's theory, 6 
Angle of lines of rupture, 4, 63 
Angling of shotholes, 47-51, 251 
Apparatus for testing resistance of 

ice to rupture, x i 
Ardeer powder, 179, 185, 202, 203 
Arrangement of shotholes to attack 
a single exposed surface, 
99-106,119-143 

in headings or shafts, loi- 

106, 1 19-143 
Atmospheric pressures in lbs. per 
square inch, 263 



Ballistite, 179 

Batteries, directions for use, 173- 

175 

— dynamo-electric, 163-167 

— high-tension, 158 

— low-tension, 159 

— magneto-electric, 1 61-163, 169 

— rackbar, 175 

— selection of, 168, 169 
Bedding planes, 90-94 

Beds of rock, length and position 
of charge, 90-94 



Bellite, 179, 185, 202, 205 

— directions for using, 216, 217 
Bench system of rock-blasting, 5, 

95 
Best position for a chamber or 
charge, 75-79 

— length for an "advance" or 

" cut " in a heading or shaft, 
120 
Blast, condition that influences the 
effect of, 4 

— force developed by, 26-32 
Blasting amberite, 179, 185, 195- 

197 
directions for using, 212-214 

— gelatine, I79i 185, 191-194 

— — directions for using, 208-210 
specially suited for submarine 

mining, 193 

— in cuttings, stopes or quarries, 

95-98 

— powder, maximum pressure de- 

veloped by, 28 

directions for using, 214, 21$ 

Boreholes, angled, line of resistance 

for, 47-51 

— best position for, 75-79 

— capacity of, in cubic inches, 

258 

— chambering, 42-43 

— charge for shearing, 69-74, 80- 

82 
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Boreholes, depths of, 249 

— lengths of charges for shearing, 

69-74 

— maximum distance apart, 52-57 
influenced by cohesive 

strength of rock, 53- 

57 

— relation of diameter to line of 

resistance, 44-51 

— rule for determining position, 75- 

79 
Bottom cut, 106 
Breaking-in shots required in a 

heading, 103, 104 
" Bulling," 199 



Cables for electric blasting, 169, 

170 
Carbo-dynamite, 179 
Carbonite, 179, 185, 202, 204, 205 

— directions for using, 208-210 
Cavity produced by a blast, 4, 14, 

15,62-68 
Centre cut, 100-104, 1 21-125, 141- 

143 
Chamber, best position for, with 
borehole, 75-79 

— coefficient, 41 

— corrosion of sides by blast, 42, 43 

— dimensions, 40-41 

— explosions in, 3 

— influence of form of, 31, 72, 73 

— sectional area of, required at 

right angles to line of resist- 
ance, 40, 41 
Chambering of boreholes, 42, 43 
Charge, best position for, 75, 79 

— for shearing in a borehole, 69, 

74,248 

— formulae for determining, 5, 80, 

82 

— in case of joints, fissures and 

bedding planes, 83, 94 



Charge, length of, in a borehole, 69, 
74 

— length and position for shearing 

in beds of rock, 90-94 

— ratio of, to line of resistance, 

33»34 

— required to eject rock after rup- 

ture, 33 
Charges for boreholes, 248 
Charging coefficient, determination, 

112-115 
Chilworth special powder, 178 
Choice of leading wires and cables 

for electric blasting, 169 
Circle, properties of, 264 
Coefficient of rock, determination 
of, no, 112 

— of chamber, 41, 42 

— for charging, 1 12-1 15 
Cohesion of rock, resistance of, to 

rupture, 24, 25 

— — — force required to over- 

come ,14-18 
Collodion cotton, 179 
Combined shearing force of two or 
more shotholes, 58, 59 

— resistance of the weight and co- 

hesion of rock, 23, 24 
Comparison of imperial and metric 

systems, 261, 262 
Compressed gunpowder, 199, 201 
Condition for an explosive develop- 
ing maximum pressure, 31 
Conditions influencing a blast, 4 

— afiecting the force of an explo- 

sion, 26, 27 
Connecting of wires to fuses for 
firing in series or parallel, 1 71-173 
Corrosion of walls of chamber by 

explosion of charge, 42, 43 
Craters, form of, 5, 14, 15, 62-68 
«- similarity between those pro- 
duced by sudden and gradual 
application of force, 14 
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'^ Cut " in a heading or shaft, 

1 20 
Cuttings, blasting in, 95, 98 

Dahmenite a, 178, 185, 202, 206 

— directions for using, 216-217 
Decimal equivalents of an inch, 263 
Depth of boreholes for shearing, 

249 
Determination of coefficients by 

trial shots, 110-115 
Detonators for explosives, 187 

— high and low tension, 160, 187 
Diagrams of holes for headings and 

shafts, 143 
Diameters of shotholes in head- 
ings and shafts, 120 

— relation of, to lines of resistance, 

44-5i>246,247 
Different action of explosives, 27, 
28 

— methods of arranging boreholes 

in driving and sinking, 119- 

143 
Di-flamyr, 179 

Dimensions of chambers, 40, 41 
Directions for use of electric ex- 
ploders, 173-175 
Dynamite, 179, 185, 186 

— directions for using, 208-210 
Dynamo-electric exploder, 163-167 

Economy of firing shotholes simul- 
taneously, 52-61 

— of low explosives, 20 
Effect of a blast in rock, 3 
Electric exploders, 160-169 

directions for using, 173-17 5 

wires and cables for, 169 

— fuses, 161 

— shot-firing, 158-177 

points to be attended to, 175- 

177 



Electronitc, 178, 179, 185, 197, 198, 

202, 206 

— directions for using, 212, 213 

Erroneous results in rock-blasting, 

3 
Examples in rock-blasting, 87-90, 

221-243 

1. Line of resistance, depth of 

borehole, and charge, 221, 
222 

2. Blasting a bench of rock, 

222, 223 

3. Jieight of step or bench of 

rock, 223 

4. Charging coefficient and 

volume of rock, 224 

5. Economy of proportioning 

depth and diameter of 
borehole to height of 
bench of rock, 224-227 

6. Maximum distance between 

shotholes fired simultane- 
ously, 227 

7. Line oif resistance for two 

shotholes supporting each 
other, 228 

8. Economy of shotholes sup- 

porting each other, 228, 
229 

9. Economy of firing shot- 

holes simultaneously, 230- 

232 

10. Number of shotholes re- 

quired to unkey a face of 
rock, 232 

11. Line of resistance and 

charge in a bed of rock» 

233 

12. Position, depth and dia- 

meter of boreholes in 
jointed rock, 234-237 

13. Number of shotholes re- 

quired for a heading, 237- 
238 
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Examples in rock-blasting— f(W»- 
tinued: — 
14. Position and size of cham- 
bers, and charge for a 
large or giant blast, 238- 

243 

Experiments on blasting in rock, 

46, 47, 55 

Experiments on the resistance of 

ice to rupture, 10-14 
Exploders, 160-169 

— electric, directions for use, 173- 

175 
Explosion in a chamber, 3 
Explosives, 178-217 

— calculation of power of, 29 

— chlorate mixture, 180 

— consumption- of, in quarries, 

tunnels and mines, 244, 

245 

— different action of, 27, 28 

— force developed by, 29-31 

— fuhninate of mercmy, 180 

— generally employed for rock and 

coal blasting, 184, 185 

— high, 27, 28, 180, 185 

methods of reducing shatter- 
ing effect of, 182 

— high and low, 27, 28, 180, 185 

— list of, for rock blasting, 178- 

180 

— low, 27, 180, 181, 185 
economy of, 20 

— maximum pressures developed 

by, 28 

— nitrate mixture, 178 

— nitro-compounds, 179 

— range of consumption of, 243- 

244 

— safety, 201-207 

— selection for rock blasting, 178- 

207 

— testing strength of, 184 

— theoretical work, 29 



Explosives, useful work of, 28, 29 
— working value, 29 



Failure of previous rules for rock 

blasting, i 
Faversham powder, 179 
Firing, electric, 158-177 

— in parallel or direct contact, 171- 

173 

— in series or circuit, 171-173 

— simultaneous and consecutive, 68 
Fissures, 83-94 

Fitting of electric detonator fuse to 

charge, 171 
Force developed by blast, 3, 26- 
32 

— influence of mode of application, 

8 

— of an explosion, conditions af- 

fecting the, 26 

in a chamber conducive 

to rupture by shear- 
ing, 8 

— required to overcome the co- 

hesive resistance of rock, 
14-18 

to produce rupture by shear- 
ing, 10 

Form of cavity produced in homo- 
geneous rock, 4, 62-68 

Formula for breaking-in shots, 104 

— for coefficient of charge, 112 
of rock. III 

— for depth of boreholes, 77 

— for determination of charge, 80- 

82 

— for determining the number of 

shotholes required in headings 
or shafts, 106-109 

— for diameter and line of resist- 

ance for angled shotholes, 47- 

51 
Formulae for joints, 86, 92 



INDEX. 



269 



Formula for line of resistance of 
similar shotholes fired simulta- 
neously, 59 

— for resistance of cohesion and 

weight of rock, 23, 24 

— for shearing, 10, 14, 18 

— for the distance that similar shot- 

holes should be placed apart, 

54 

— for weight of borehole charges, 

80-82 
Fortiss explosive, 179 
Free face, definition, 5 
Fulminate of mercury, 180 
Fuse,'electric, 168, 169, 171 

— instantaneous, 153-157 
lighter, for collieries, 153 

— safety, 144-157 



Galvanometer, 171 
Gelatine-dynamite, 179, 185, 189- 
191 

— directions for using, 208-210 

— water cartridge, 205 
Gelignite, 185, 187-189 

— directions for using, 208-210 
Guncotton, 179 

— maximum pressure developed by, 

28 
Gunpowder, 178, 185, 198-201 

— advantages of, 182, 183 

— compressed, 199-201 

— directions for using, 200, 214, 

215 

— tamping for, 116, 117 
Guttmann's theory, 7 



Headings, arrangements of holes, 

99-106, 119-143 
— best length for ''advance'' or 
"cut," 120 



Headings, breaking-in shots re- 
quired, 103, 104 

— centre cut, zoo, 1 21-125, 141- 

143 

— determination of number of 

shotholes, 106, 109 

— diagrams of arrangements of 

shotholes, 143 

— diameter of holes, 120 

— irregular joints in, 124, 125 

— key-holes, 120 

— number of shotholes required, 

106-109 

— order of firing shotholes ar- 

ranged on the centre cut 
system, 124 

— order of firing shotholes ar- 

ranged on the square cut 
system, 130 

— side cut, 104-106, 130-136 

— square cut, 125-130 

High and low tension electricities 
for electric firing, 158 

— explosives, 27, 180, 182, 185 

— tamping for, 117, 118 

— tension batteries, 158, 159 
electricity, 158 

fuses, 161 

Hydraulic data, 259 



Ice, experiments on resistance of, 

10-14 
Imperial and metric systems, 261, 

262 
Influence of cohesive strength of 
rock on the maximum distance 
that holes should be placed 
apart, 53-59 

— of direction of rupture, 7, 21 

— of form of chamber, 31, 32, 72, 

73 

— of fissures, joints and bedding 

planes, 83-94 
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Influence of mode of application of 
force, 8 

— of the strength and density of 

explosives on the cost of 
boring holes, i8i 

— of thermal conductivity of rock, 

31,32 

Instantaneous fuse, 153-157 

Instructions for the use of explo- 
sives, 208-217 

Insulation of joints and wire for 
electric blasting, 170 

Irregular faces of rock, blasting in, 
79, 96, 97 

Joints, 83-94, 97, 98 

— favourable conditions for quarry- 

ing, 83 

— importance of, in blasting, 2 

Keyholes, 120 
Kynite, 179 

Leading wires and cables for elec- 
tric blasting, choice of, 169, 170 
Length of charges in boreholes, 69- 

74 

Levels, determination of number of 
shotholes required, 106-109 

Lines of resistance for angled shot- 
holes, 251 

for maximum pressure of 

an explosive, 184 

for similar shotholes fired 

simultaneously, 58, 59, 
250 

for single shotholes, 246, 

247 
List of explosives for rock blasting, 

178, 180 
Lithofracteur, 179 
Low explosives, 27, 180, 185 
conditions for economical em- 
ployment, 20 



Low explosives, economy of, 20 
tamping for, 11 6-1 18 

— tension batteries, 159 

electricity, 158 

fuses, 161 

Magneto-electric exploder, 161- 

163, 169 
Main lines of rupture, ^^^ 78 
Matagnite gelatine, 179 
Maximum distance that similar 

shotholes should be placed 

apart, 52-57 

— pressures developed by explo«- 

sives, 28 

Mercury fulminate, maximum pres- 
sure developed by, 28 

Methods of reducing the shattering 
effect of the high explosives, 182 

Metric and imperial systems, 261, 
262 

Nitrate of ammonia class of 
safety explosives, 202 

— — — explosives, instructions for 

using, 216-217 
Nitrated guncotton, 179 
Nitro-compounds, 179 
Nitro-glycerine class of safety ex- 
plosives, 202 

— maximum pressure developed by, 

28 

— tamping for, 1 17-118 
Number of shotholes required for a 

heading or shaft, formula for de- 
termining, 106-109 

Oarite, 179 

Objections to Andr6e*s theory, 7 

— to Guttmann's theory, 7 

Open joints, placing of shotholes, 

93 
Operations of rock blasting, 3 
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Parallel, firing in, 171-173 
Permitted explosives in fiery mines, 

202 
Placing of shotholes in cuttings or 
stopes, 95-98 

when there is only a single 

exposed surface for at- 
tack, 99-106, I 19-143 
Points to be attended to in electric 

blasting, I75-I77 
Potentite, 180 
Power of an explosive, calculation 

of, 29 
Precautions to be taken after firing 
with electric exploders, 175 

— to ensure insulation of joints 

and wires in electric blasting, 

170 
Preliminary remarks, i 
Pressure of atmospheres in lbs. per 

square inch, 263 

— of blast on rock after rupture, 

37 
Pressures developed by explosives, 

28 
Previous theories of rock blasting, 6 
Primers for gelatines, 180 
Principle on which the best position 

for a chamber may be determined, 

75 
Properties of the circle, 264 



Qualities of good explosives, 

178 
Quantity of rock blasted, 62-68, 

252-256 
Quarries, blasting in case of joints, 

83-98 
Quarrying rock, 5, 62-68, 83-94 
— favourable conditions for, 83 
Quarryman's experience, 2 



Rack-a-Rock, 180 

Ratio of charge to line of resistance 
for similar masses of rock, 33, 
34 

Recapitulation and notation of for- 
mula, 218, 220 

Relation between the maximum 
lines of resistance in rock and the 
maximum pressures developed by 
explosives, 183, 184 

Relation of the diameters of bore- 
holes and spherical chambers to 
lines of resistance, 44-5 1 

Removal of an entering portion of 
rock, 99, 103, 104 

Resistance due to friction and hang- 
ing of the rock along the lines 
of rupture, 22, 23 

— lines of, for shotholes, 246, 247, 

250,251 

— of a section of rock, 83-90, 

257 

— of cohesion of rock to rupture, 

24,25 

— of ice to rupture, 10-14 

— of rock in case of joints and 

fissures, 83, 94 

— of the mass or weight of rock 

blasted, 21-23 

— of weight and cohesion of rock 

combined, 23, 24 

— principal, of most rocks, 7 

— to a blast after rupture, 20-23 

— to be overcome in rock blasting, 

8 
Resistances after rupture, 20, 22, 

23 

— to rupture and shearing may be 

equal^ 18 
Roburite, 180, 185, 202, 205, 206 

— directions for using, 216, 217 
Rock blasting, Andre's theory, 6 
definition, i 

erroneous results, 3 
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Rock blasting, failure of rules for, i 
Guttmann's theory, 6, 7 

— — resistances to be overcome, 

8 
Rock dislodged by shotholes, 62- 

67 
Rosslyn blastite, 180 
Rule for determining position of a 

charge, 75-79 
Rupture by shearing, 8-82 

— main lines, 77-79 

— without shearing, 83, 94 



Safety blasting powder, 179 

— explosives, 185, 201-207 

precautions to prevent blown 

out shots, 207 
report of the Royal Commis- 
sion, 206 

— fuse, 144-157 

applications of different kinds, 

150, 151 

different kinds, 144-150 

instantaneous, 153-157 

lighter for collieries, 153 

method of using, 151 

storing, 152, 153 

selection of, for different cli- 
mates, 151, 152 

volley firer, 153-^57 

Schultze blasting powder, z8o 
Section of rock which may be 
ruptured is proportional to peri- 
phery of chamber to a given line 
of resistance, 19 
Sectional area of chamber required 
at right angles to line of resist- 
ance, 40^ 41 
Sections of rocks equal to maximum 
lines of resistance to shearing, 
18, 19, 83-90, 257 

— of rock that may be blasted by 

shotholes, 83, 90 



Selection of battery or exploder, 
168, 169 

— of electric fuses, and battery or 

exploder, 168, 169 

— of explosives for rock blasting, 

178-207 

— of leading wires and cables, 169, 

170 
Series, firing in, 171-173 
Shafts, best length for a " sink," 120 

— centre cut, 141-143 

— determination of number of 

shotholes required, 106-109 

— diameter of holes, 120 

— sinking, 136-143 

— square cut, 136-140 
Shearing, combined force of two or 

more shotholes, 58, 59 

— conditions favourable for, 8 

— force required to produce rup- 

ture, 10 

— formula for, 10, 14-18 

— in beds of rock, 90-94 

— resistance of ice, 13, 14 

— rupture by, 8-82 

Shattering effect of high explosives^ 
methods of reducing, 182 

Shot firing, electric, 158-177 

Side cut, conditions for its applica- 
tion, 104, 130, 131 

in headings, 104-106, 130- 

136 

Similarity between craters produced 
by sudden and gradual applica- 
tion of force, 14 

Simultaneous firing of shotholes, 
52-61,65,68 

Specific gravities of explosives, 248 

of rock, 260 

Spherical chambers, relation of 
diameter to line of resistance, 

4S 
Square cut, 125-130, 136-140 
in a shaft or nse, 136-140 
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Statical laws applicable to blasting, 

30 
Steel for borers, weight of, 258 
Stemming of sbotholes, 1 16- 1 18 
Step system of rock blasting, 5, 62- 

67,95-98 
Stepped workings, 5, 62-67,95-98 
Stone, weight of, 260 
Stonite, 180 

Stopes, blasting in, 95-98 
Systems of placing shotholes for 

driving, sinking, and rising, 119- 

120 

Table of capacity of one foot of 
borehole in cubic inches, 258 

— of comparison of imperial and 

metric systems, 261, 262 

— of decimal equivalents of an 

inch, 263 

— of depths of boreholes, 249 

— of experiments on the resistance 

of ice to rupture, 13 

on resistance of rock in 

blasting, 46, 47i 55 

— for angled holes, 25 1 

— of lines of resistance for combi- 

nations of two, three, and four 
shotholes, 250 

— of lines of resistance for shot- 

holes, 246, 247 

— of pressures of atmosphere in 

lbs. per square inch, 263 

— of properties of the circle, 264 

— of sections of rock equal to 

maximum lines of resistance 
for shearing, 257 

— of useful hydraulic data, 259 

— of weight of stone and mineral 

substances, 260 

— of weight of charges, 248 

— of weights of a lineal foot of 

round, octagonal and square 
steel, 258 



Table of volumes of rock blasted 
with concentrated charges, 
252 
Two free faces and single 

shots, 253 
Three free faces and single 

shots, 254 
Four free faces and single 

shots, 255 
Two free faces and two 
and three shotholes fired 
simultaneously, 256 
Tables of rock blasted with bore- 
hole charges in stepped workings, 
253-256 
Tamping of shotholes, 1 16-1 18 
Testing low-tension fuses with gal- 
vanometer, 171 
— strength of explosives in rock, 

184 
Theory of the action and force of a 
blast after the rock is ruptured, 

34-39 

Theories, Andr^e's and Gutt- 
mann's, 6, 7 

Thermal conductivity of rock, in- 
fluence of, 31, 32 

Tonite or cotton powder, 180, 185, 
194, 195 

directions for using, 

210-212 

Trial shots, 110-112 

Useful work of explosives, 28, 29 
Usual method of excavating rock 
by blasting, 62 

Valuable quality for an explosive, 
181 

Volley firer and instantaneous 
fuse, 153-157 

Volume of gas (relative) developed 
by different quantities of an ex- 
plosive, 29 

T 
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Volume of rock blasted, 62-68 

by a concentrated 

charge, 67, 252 

dislodged by any number 

of similar shotholes in a 
step of rock, 65-67, 256 

by a shothole in a bench 

of rock when there are 
two free faces, 64, 253 

by a shothole in a bench 

of rock when there are 
three and four free 
faces, 64, 254, 255 



Volume of rock dislodged by any 
number of similar shotholes in 
a step of rock, 65-67, 256 



Weight of charge required to 
eject rock after rupture, 33 

— of stone and mineral substances, 

260 
Westfalite, 179, 185, 202, 206 

— directions for using, 216, 217 
Wires and cables for electric blast- 
ing, 169, 870 
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Coffee Cultivation. — Coffee: its Culture and 

Commerce tn all Countries, Edited by C. G. Warnford Lock, F.L.S. 
Crown Svo, cloth, lis, 6d, 

Concrete. — Notes on Concrete and Works in Con- 
crete; especially written to assist those engaged upon Public Works. By 
John Nbwman, Assoc. Mem. Inst. C.E. Second edition, revised and 
enlarged, crown 8to, cloth, 6j. 

Coppersmithing. — Art of Coppersmithing : a 

Practical Treatise on Working Sheet Copper into all Forms. By John 
Fuller, Sen. Numerous engravings, illustrating almost every branch of 
the Art. Royal Svo, cloth, I2J. dd. 

Corrosion. — Metallic Structures: Corrosion and 

Fouling and their Prevention; a Practical Aid-Book to the safety of 
works in Iron and Steel, and of Ships ; and to the selection of Paints for 
them. By John Newman, Assoc. M. Inst. C.E. Crown Svo, cloth, qj. 

Depreciation of Factories, — The Depreciation 

of Factories and their Valuation, By Ewing Matheson, Mem. Inst. 
C.E. Second edition, revised, with an Introduction by W, C. Jackson. 
Svo, cloth, ^s. td. 
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Drainage. — The Drainage of Fens and Low Lands 

by Gravitation and Steam Power, By W. H. Wheeler, M. Inst C.E. 
Withptates, 8vo, cloth, I2x. 6d. 

Drawing.— ZTm/^ on Architectural Draughtsman- 
ship, By G. W. TUXFORD Hallatt. Second edition, fcap. 8vo, cloth, 
u.td. 

Drawing. — The Draughtstnan's Handbook of Plan 

and Map Drawing; including instructions for the preparation of 
Engineering, Architectural, and Mechanical Drawings. IVith num€ratu 
illustrations in the text^ and ^'^ plates {imprinted in colours). By G. G 
Andr^, F.G.S., Assoc Inst C.E. 4to, cloth, gs. 

Drawing Instruments. — A Descriptive Treatise 

on Mathematical Drawing Instruments: their construction, uses, quali- 
ties, selection, preservation, and suggestions for improvements, widi nints 
upon Drawing and Colouring. By W. F. Stanley, M.R.L Sixth edition, 
with numerous illustrations^ crown 8vo, cloth, 5/. 

Dynamo. — Dynamo- Tenders' Hand-Book. By 

F. B. Badt. IVith 70 illustrations, i8mo, cloth, 4/. 6d, 

Dynamo -Electric Machinery. — Dynamo -E lee- 

trie Machinery: a Text-Book for Students of Electro-Technology. By 
Silvanus p. Thompson, B.A., D.Sc. IVith 520 illustrations. Fifth 
edition, 8vo, cloth, 24J. 

Earthwork Slips. — Earthwork Slips and Subsi-^ 

denees upon Public Worhs: Their Causes, Prevention and Reparation. 
Especially written to assist those engaged in the Construction or 
Maintenance of Railways, Docks, Canals, Waterworks, River Banks, 
Reclamation Embankments, Drainage Works, &c., &c By John 
Newman, Assoc. Mem. Inst C.E. , Author of * Notes on Concrete,' &c. 
Crown 8vo, cloth, 7x. 6</. 

Electric Lighting. — Electric Lighting: a Practical 

Exposition of the Art^ for the use of Engineers, Students, and others 
interested in the Installation and Operation of Electrical Plant. Vol. I. 
The Generating Plant. By Francis B. Crocker, E.M., Ph.D., Pro- 
fessor of Electrical Engineering in Columbia University, New York. 
With 152 illustrations, 8vo. doth, I2J. td. 

Electric Bells. — Electric Bell Construction: a 

treatise on the construction of Electric Bells, Indicators, and similar 
apparatus. By F. C. Allsop, Author of ' Practical Electric Bell Fitting.' 
With 177 illustrations drawn to scale^ crown 8vo, doth, 3^. 6^. 
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Engineers' Tables. — A Pocket-Book of Useful 

Formula and Memoranda for Civil and Mechanical Engineers, By Sir 

Guilford L. Molesworth, Mem. Inst C.E., and R. B. Molesworth. 

With numerous illusira/ions, TMrenty-fottxth edition, revised and greatly 

enlarged. 32mo, roan, 6s. 

SYNOPSIS OF CONTENTS! 
Surveyiog, Levelling, etc.— Strength and Weight of Materials— Earthworic, Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses—Girders, Bridgeit, etc.— Railways and Roads— Hydraulic FormuUs— Canals, Sewers* 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming— Heu, 
Light, Colour, and Sound— Gravity : Centres, Forces, and Powers— Millwork, Teeth of 
Wheels. Shafting, etc.— Woikshop Recipes— Sundry Machinery— Animal Power— Steam and 
the Steam Engwe— Water-power, Water-wheels, Turbines, etc^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnerv, Projectiles, etc— Weights, 
Measures, and Moneys-Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circle:*— Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc.— Useful Numbers— Differential and Integral Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formulae, etc. ercj 

Engineers' Tables. — Spons" Tables and Memo- 
randa for Engineers, By J. T. HuRST, C.E. Twelfth edition, revised and 
considerably enlarged, in waistcoat-pocket size (2i in. by 2 in.), roan, 
gilt edges, ix. 

Experimental Science. — Experimental Science: 

Elementary, Practical, and Experimental Physics. By Geo. M. Hopkins. 
Illustrated by 890 engravings. Seventeenth edition, 840 pp., 8vo, 
cloth, i6j. 

Factories. — Our Factories, Workshops, and Ware- 
houses: their Sanitary and Fire-Resisting Arrangements. By B. H. 
Thwaitb, Assoc Mem. Inst C.E. With 183 wood engravings, crown 
8vo, cloth, 9J. 

Fermentation. — Practical Studies in Fermentation, 

being contiibations to the Life History of Micro-Organisms. By Emil 
Ch. Hansen, Ph.D. Translated by Alex. K. Miller, rh.D., 
Manchester, and revised by the Author. With numerous illustrations, 
8vo, cloth, 12s, 6d, 

Foundations. — Notes on Cylinder Bridge Piers 

and the Well System of Foundations. By John Newman, Assoc M. 
Inst. C.E., 8vo, doth, 6x. 

Founding. — A Practical Treatise on Casting and 

Founding, including descriptions of the modem machinery employed in 
the art By N. £. Spretson, Engineer. Demy 8vo, cloth. Seventh 
edition in the press, 

French Polishing. — The French - Polishers 

ManuaL By a French- Polisher; containing Timber Staining, Washing, 
Matching, Improving, Painting, Imitations, Directions for Staining, 
Sizing, Embodying, Smoothing, Spirit Varnishing, French-Polishing, 
Directions for Repolishing. Third edition, royal 32mo, sewed, ^d, 
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Furnaces. — Practical Hints on the Working and 

Cofistruction of Rfgenerator Furnaces^ being an Explanatory Treatise on 
the System of Gaseous Firing applicable to Retort Settings in Gas Works. 
By Maurice Graham, Assoc. Mem. Inst C.E. Cuts^ 8vo, cloth, 31. 

Gas Analysis. — The Ga^ Engineers' Laboratory 

Handbook, By John Hornby, F.I.C, Honours Medallist in Gas 
Manipulation, City and Guilds of London Institute. Numerous illus' 
ireUions^ crown 8vo, doth, ts, 

CONTENTS : 
The Balance— Weights and Weighing— Sampling— Mechanical Division— Drying and 
Desiccation ^Solution and Evaporatiun — Precipitation ^FUtzation and Treatment of 
Precipitates^ Simple Gravimetric Estimations —Volumetric Analyses— ^Special Analy^ 
required by Gas WorkvTechnical Gas Analysis— Gas Referees' Instrucdons, etc eta 

Gas and Oil Engines. — Gas, Gasoline and Oil 

Vapour Engines : a New Book Descriptive of their Theory and Power, 
illustrating their Design, Construction and Operation for Stationary, 
Marine and Vehicle Motive Power. Designed for the general informa- 
tion of every one interested in this new and popular Prime Mover. By 
G. D. Hiscox, M.£. Numerous engravtngxy ovo, cloth, 12s, 6d. 

Gas Engines. — A Practical Handbook on the 

Care and Management of Gas Engines, By G. Lieckfeld, C.E. 
Authorised Translation by G. Richmond, M.£. With instructions for 
running Oil Engines. i6mo, cloth, 31. 6^. 

Gas Engineering. — Manual for Gas Engineering 

Students. By D. Leb. i8mo, doth, is. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F. Colybr, M. Inst C.E. 
IViih z\ folding plata^ 8vo, doth, I2J. (uL 

Gold Mining. — Practical Gold-Mining : a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Ores, and the MeSiods by which the Gold is extracted. By 
C. G. Warnford Lock, co- Author of * Gold : iu Occurrence and Extrac- 
tion.' With 8 plata and 275 engravings in the text^ 788 pp., royal 8vo, 
doth, 21 2S. 

Graphic Statics. — The Elements of Graphic Statics. 

By Professor Karl Von Ott, translated from the German by G. S. 
Clarke, Capt R.E., Instructor in Mechanical Drawing, Royal Indian 
Engineering College. With 93 illustrations^ crown 8vo, cloth, 5j. 

Graphic Statics. — The Principles of Graphic 

Statics. By George Sydenham Clarke, Capt. Royal Engineers. 
With 112 illustrations. Third edition, 4to, doth, I2s. 6d, 
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Graphic Statics. — A New Method of Graphic 

Statics, applied in the coustrurtion of Wrought* Iron Girders, practically 
illustrated by a series of Working Drawings of modem type. By 
Edmund Olander, of the Great Western Railway, Assoc Mem. Insi. 
C.£. Small folio, cloth, lar. 6d, 

Heat Engine. — Theory and Construction of a 

Rational Heat Motor, Translated from the German of Rudolf Diesel by 
B&YAN DONKIN, Mem. Inst. C.E. Numerous cuts and plates, 8vo, cloth, dr. 

Hot Wsittr.—//ot Water Supply: a Practical 

Treatise upon the Fitting of Circulating Apparatus in connection with 
Kitchen Rai^e and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. Dyb, 
Third edition, with illustrations, crown 8yo, cloth, y. 

Hot Water. — Hot Water Apparatus: an Ele- 
mentary Guide for the Fitting and Fixing oi Boilers and Apparatus for 
the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Cooking. By 
F. Dye. Second edition, revised, 32 Ulustratums, fcap. 8vo, cloth, \s, (id. 

Household Manual. — Spons' Household Manual : 

a Treasury of Domestic Receipts and Guide for Home Management. 
Demy 8vo, cloth, containing 975 pages and 250 illustrations, price *js, 6d, 

PRINCIPAL CONTENTS: 
Hints for selecting a good House— Sanitation— Water Supply— Ventilation and Warming 
— Lighting— Furniture and Decoration — Thieves and Fire — ^Thc Larder — Curing Foods for 
lengthened Preservation— The Dairy— The Cellai^— The Pantry— The Kitchen— Receipts for 
Dishes— The Housewife's Room— Housekeeping, Marketing— The Dining-Room— The 
Drawing-Room — The Bedroom — ^The Nursery— The Sick-Koom — The Bath-Room— The 
Laundry— The School-Room— The Playground— The Work>Room— The Libnuy— The 
Garden — ^The Farmyard — ^Small Motors — Household Law. 

House Hunting. — Practical Hints on Taking a 

House, By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of ' The Municipal and Sanitary Engineer's Hand- 
book,' ' Dirty Dustbins and Sloppy Streets,' &c. i8mo, doth, i^. 6^. 

Hydraulics. — Simple Hydraulic Formula. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown 8vo, cloth, 4J. 

Hydraulic MsLchinery.— Hydraulic Steam and 

Hand-Power Lifting and Pressing Machinery, By Frederick Colykr, 
M. Inst C.E., M. Inst M.E. Second edition, revised and enlarged. With 
88 plates, 8vo, doth, 2&f. 

Hydraulic Machinery. — Hydraulic Machinery. 

With an Introduction to Hydraulics. By Robert Gordon Biaine, 
Assoc M. Inst. C;£., &c. With 272 illustrations, 383 pp. 8vo, doth, 14;. 
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Hydraulic Motors. — Water or Hydraulic Motors. 

By Philip R, Bjorling. With 206 UlustraUons^ crown 8vo, cloth, 9/. 

CONTENTS : 
X. Introduction— a. Hydraulics relating to Water Motora— 3. Water-wheela— 4* Breast 
Water-wheeU— 5. Overshot and High-breast Water-wheela— 6. Pelton Water- wheels— 7. 
Grneral Remarks on Water-wheel:>— 8. Turbines- o. Outward-Row Turbines — xo. Inward- 
flow Turbines— XX. Mixed-flow Turbines — xa. Parallel-flow Turbines— 13. Circumferential- 
flow Turbines— 14. Regulation of Turbines— 15. Details of Turbines— 16. Water-pres-sure or 
Hydraulic Engines— xy. Reciprocating Water-presstire Engines— x8. Rotative Water- 
pressure Engine>«^xo. Oscillating Water-pressure Engines — ao. Rotary Water- pressure 
£ngines~-ai. Genera,! Remark^ and Rules for Water-pressure Engine* — aa. Hydraulic Rams 
^3. Hydraulic Rams without Air Vessel in Direct Communication with the Drive Pipe— 
•4. Hydraulic Rams with Air Vessel in Direct Communication with the Drive Pipe — as. 
Hydraulic Pumping Rams— a6. Hydraulic Ram Engines— 37. Details of Hydraulic Kams^- 
•8. RiUes, Formula^, and Tables fur Hydraulic Rams— a> Measuring Water in a Stream 
and over a Weir— Index. 

Hydropathic Establishments. — The Hydro- 
pathic Establishment and its Baths, By R. O. Allsop, Architect. 
Author of * The Turkish Bath ' Illustrated with plates and sections^ 8vo, 

cloth, 5j. CONTENTS : 

General Considerations— Requirements of the Hydropathic Establishment — Some existing 
Institutions— Baths and Treatments and the arranKement of the Bath- House — Vapour Baths 
and the Rusaan Bath— The Douche Room and its appliances — Massage and Electrical 
Treatment— Pulveruation and the Mont Dore Cure — Inhalation and the Pine Cure — ^The 
Sun Bath. 

Ice Making. — Theoretical and Practical Ammonia 

Refrigeration^ a work of Reference for Engineers and others employed in 
the management of Ice and Refrigeration Machinery. By Iltyd L. 
Redwood, Assoc. Mem. Am. Soc. of M.E., Mem. Soc Chemical Indus- 
try. Third edition, revised and corrected, with z^ pages of tables^ square 
l6mo, cloth, 4J. 6d, 

Indicator. — Twenty Years with the Indicator. By 

Thomas Pray, Jun., C.£., M.E., Member of the American Society of 
Civil Engineers. With illustrations^ royal 8vo, cloth, los. 6d. 

Indicator. — A Treatise on the Richards Steam- 
Engine Indicator and the Development and Application of Force in the 
Steam-Engine, By Charles T. Poeter. With illustrations. Fifth 
edition, revised and enlarged, 8vo, doth, 9^. 

Induction Coils. — Indvction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. Second edition, with 125 illustra- 
tions^ crown 8vo, doth, 3x. 6d. 

Iron. — The Mechanical and other Properties of Iron 

and Steel in connection with their Chemical Composition, By A. VOSMAER, 
Engineer. Crown 8vo, doth, dr. 

contents : 

The metallurgical behaviour of Carbon with Iron and Steel, also Manganese— Silicon- 
Phosphorus — Sulphur— Copper— Chromium — Titanium— Tungsten— Aluminium— Nickel- 
Cobalt— Arsenic—Analyses of Iron and Steel, &c. 
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Iron Manufacture. — RolU Turning for Sections in 

Steel and Iron, working; drawings for Rails, Sleepers, Girders, Bulbs, 
Ties, Angles, &c., also Blooming and Cogging for Plates and Billets. 
Bv Adam Spencer. Second edition, with 78 large plates Illustrations 
of nearly every doss of woik in this Industry. 4to, cloth, i/. \os. 

Locomotive. — The Construction of the Moctim 

Locomotive, By Gkorge Hughes, Assistant in the Chief Mechanical 
Engineer's Department, Lancashire and Yorkshire Railway. Numerous 
engravings, 8vo, cloth, 91. 

CONTENTS : 
The Boiler- The FoimHr y—the Use of Steel C«L«tings~Brass Foundry— The Forge^ 
Smithy, induding Springs -Copper»mitlu(' Work— The Machine Shop— Erecting. 

Lime and Cement. — A Manual of Lime and 

Cement, their treatment and use in construction. By A. H. HSATH. 
Crown 8vo, cloth, dr. 

Liquid Fuel. — Liquid Fuel for Mechanical and 

Industrial Purposes, Compiled by E. A. Braylby Hodgetts. With 
wood engravings, 8vo, doUi, 5^. 

Machinery Repairs. — The Repair and Mainten- 
ance of Machiftery ; a Handbook of Practical Notes and Memoranda for 
Engineers and Machinery Users. By T. W. Barber, C.E , M.E., 
Author of ' The Engineers' Sketch Book.' IVitA about 400 illustrations^ 
8vo, cloth, loj. 6d. 

Mechanical Engineering. — Handbook for Me- 
chanical Engineers, By Henry Adams, Professor of Engineering at 
the City of London College, Mem. Inst C.E., Mem. Inst M.E., &c. 
Fourth edition, revised and enlarged. Crown 8vo, cloth, ^s, 6d, 



contents : 
Fundamental Principles or Mechanics— Varieties and Properties of Materialsr-Screosth 
of Materials and Structures — Pattern Making— Moulding and Founding— Forgine. Weldinv 
and Riveting— Workshop Tools suid General Machinery— 'I'ransmission of Po 
Lubrication— Thermodynamics and Steam— Steam Boilers— The Steam '. 
ilic Machinery— £lectri»l Engineering— Sundry Notes and Tables. 



Mechanical Engineering. — The Mechanician : 

a Treatise on the Construction and Manipulation of Tools, for the use and 
instruction of Young Engineers and Scientific Aniateurs, comprising the 
Arts of Blacksmithing and Forging ; the Construction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and Machine Processes ; Turning and Screw Cutting. 
By Cameron Knight, Engineer. Containing 1147 iHustraaons^ and 
397 pages of letter-press. Fourth edition, 4to, doth, i&r. 
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Mechanical Movements. — The Engiiuers^ Sketch- 
Book of Meckamcai Movements^ Devices^ AppUanees^ Contrivances^ Details 
emphyed in the Design and Construction of Machinery for every purpose. 
Collected from numerous Sources and from Actual Work. Classified and 
Arranged for Reference. With 2600 IllusiraHons. By T. W. Barbbr, 
Engineer. Third edition, Svo, cloth, los, 6d. 

Metal Plate Work.— Metai Plate Work: its 

Patterns and tkdr Geometry, Also Notes on Metals and Rules in Men* 
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. Millis, M.I.M.E. With 
numerous illustrations^ crown 8vo, cloth, Third edition in the press. 

Metrical Tables. — Metrical Tables. By Sir G. L. 

Moles WORTH,. M.I.C.E. Third editioni revised and enlarged, 32mo, 
doth, 2J. 

Mill-Gearing. — A Practical Treatise an Mill- Gear- 
ings Wheels^ Shafts^ Riggers^ etc, ; fot the use of Engineers. By Thomas 
Box. Fifth edition, with 1 1 plates^ crown 8vo, clo&, 7^. 6d. 

Mill - Gearing. — The Practical Millivright and 

Engineer's Ready Reckoner; or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolts, etc By Thomas Dixon. Sixth edition, i2mo, 
doth, 3x. 

Mineral Oils. — A Practical Treatise on Mineral 

Oils and their By Products^ induding a Short History of the Scotch Shale 
Oil Industry, the Geological and Geographical Distribution of Scotch 
Shales, Recovery of Acid and Soda used in Oil Refining, and a list of 
Patents relating t3 Mineral Oils. By Iltyd I. Redwood, Mem. Soc 
Chemical Industry. 8vo, cloth, 15J. 

Miners' Pocket-Book. — Miners' Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants all over the 
world. By C. G. Warnford Lock, author of * Practical Gold Mining,' 
' Mining and Ore-Dressing Machinery,' &c Third edition, fcap. Svo, 
roan, gilt edges, \zs, 6d, 

contents : 
Motive Power-^Dams and Rescrvoir»^Transin|tting Power-^Weights and Measures* 




Geological Maps— Mineral Veinsr— Mining Methods— Coal Seanw— Mtneral»>-Preciou» 
Stones — Metals and Meullic Ores — Metalliferous Minerals— Assaying— Glossary— Use of 
Useful Books— Index, &c.. &c, &c 
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Mining and Ore-Dressing Machinery. — By 

C. G. Warnford Lock, Author of * Practical Gold Mining.' Numenms 
illustrations^ supi^r-royal 4to, cloth, 25x. 

Mining. — Economic Mining; a Practical Hand- 
book for the Miner, the Metallurgist, and the Merchant By C. G. 
Warnford Lock, Mem. Inst, of Mining and Metallurgy, Author of 
' Practical Gold Mining.' IVith illustrations^ 8vo, cloth, 2ij. 

Municipal Engineering. — The Municipal and 

Sanitary Engin€er*s Handbook, By H. Pbrcy Boulnois, Mem. Inst. 
C.E., Borough Engineer, Portsmouth. IVUA numerous illustrations. 
Third edition, re- written, demy 8vo, cloth, 1$/. 

CONTENTS : 

The Appointment and Duties of the Town Surveyor— Traffic— Macadamised Roadway*— 
Steam Rollins— Road Metal and Breaking— Pitched Pavements— Asphalte— Wood Pavements 
—Footpaths— Kerbs and Gutters— Street Naming and Numbering - Street Lighting— Seweiv 
age — ventilation of Sewers^-Disposal of Sewage— Hou5e Dratnaee — Disinfection— Gas and 
Water Companies, etc.. Breaking up Streets— Improvement of Private Streets — Borrowing 
Powers— Artizans' and Labourers' Dwellings— Public Conveniences— Scavenging, including 
Street Cleansing— Watering iind the Removing of Snow— Planting Stieet Trees— Deposit of 
Plans^Dangerous Building!>— Hoardings— Obstructions — Improvmg Street Lines — Cellar 
Openings — Public Pleasure Grounds— Cemeteries— Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc.— -Giving numerous Forms of Notices, Specifications, and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Paints. — Pigments, Paint and Painting. A 

Practical Book for Practical Men. By Gsorge Terry, mth illus- 
trationst crown 8vo, cloth, 7^. 6^. 

Paper Manufacture. — A Text-Book of Paper- 

Making. By C. F. Cross and E. J. Bevan. With engravings, crown 
8vo, cloth. Second edition in preparation. 

Perfumery. — Perfumes and their Preparation^ 

containing complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of 
the Skin, the Mouth, the Hair, and other Toilet articles, with a detailed 
description of aromatic substances, their nature, tests of purity, and 
wholesale manufacture. By G. W. ASKINSON, Dr. Chem. IVitA 32 
engravings^ 8vo, cloth, I2s, 6d, 

Perspective. — Perspective, Explained and Illus* 

trated. By G. S. CuiRKE, Capt. R.E. mth Ulustrations^ 8yo, cloth, 
V'td, 

Phonograph. — TJu Phonograph, and How to Con- 
struct it. With a Chapter on Sound. By W. Gillett. With engravings 
and full working drawings, crown 8vo, cloth, 5j. 
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Popular Engineering. — Popular Engineerings 

bnng interesting and instructive examples in Ctvil, Mechanical^ Electrical^ 
Chemical^ Minings Military and Naval Engineerings graphically and 
plainly described, and specially written for those about to enter the 
Engineering Profession and the Scientific Amatenr, vrith chapters on 
Perpetual Motion and Engineering Schools and Colleges. By F. Dye. 
With 700 illustrations s crown 4to, cloth, is, td. 

Plumbing. — Plumbing, Drainage, Water Supply 

and Hot Water Fitting, By John Smeaton, C.E., M.S.A., R.P., 
Examiner to the Worshipful Plumbers' Company. Numerous en^ravings^ 
8vo, cloth, 7x. ^>d. 



Pumping Engines. — Practical Handbook on 

Direct-acting Pumping Engine and Steam Pump Construction, By 
Philip R. Bj»rling. IVith 20 plates, crown 8vo, doth, 51. 



Pumps. — A Practical Handbook on Pump Con-- 

struction. By Philip R. Bjorlino. Plates, crown 8vo, cloth, 5^. 

CONTENTS : 
Principle of the action of a Pump— CIa>sificadon of Pumps — Description of various 
classes of Pumps— Remarks on designing Pumps^-Materials Pumps should be made of for 
diiferent kinds of Liquids — Deocripiion of various classes of Pump-valves— Materials Pump- 
valves should be made of for different kinds of Liquid!> — Various Classes of Pumi>-buckets— 
On designing Pump'burkets— Various Classes of Pump-pistous--Cup-leathers — ^Air-vessels — 
Rules and Formulas. &c, &c. 

Pumps. — Pump Details. With 278 illustrations. 

By Philip R. Bjorling, author of a Practical Handbook on Pump 
Construction. Crown 8vo, cloth, 7J-. 6d, 

CONTENTS : 
Windbore»— Foot-valves and Strainers — Clack-pieces, Bucket-door-pieces, and H'pieces 
Working-barrels and Plunger-cases— Plungers or Rams— Pi-^ton and Plunger, Bucket and 
Plunger, Buckets and Valves— Pump- rods and Spears, Spear-rod Guides, &c.~ Valve-swords, 
Spindles, and Draw-hookK— Sei-ofls or Off-seu — Pipes, Pipe-joints, and Pipe-stays— Pump- 
slings — Guide-rods and Guides Kites, Yokes, anci Connecting-rods — L Bobs, T Bobs, 
Angle or V l^obs, and Balance-beams, Rock-arms, and Fend-off Beams. Cisterns, and Tanks 
-^Minor Entails. 

Pumps. — Pumps and Pumping Machinery. By 

F. COLYER, Mem. Inst. C.E., Mem. Inst M.E. Part I., second edition, 
revised and enlarged, with $0 plates, 8vo, cloth, i^ &r. Part II., I2i. 6^. 

CONTENTS : 
Three-throw Lift and Well Pumps— Tonkin's Patent " Cornish " Steam Pump— Thome- 
will and Warham's Steam Pump— Water Valves— Water Meters— Centririigsu Pumping 
Machinery— Airy and Anderson's Spiral Pumps^— Blowing Engines — ^Alr Compressors— 
Horizontal High-pressure Engines— Horizontal Compound Erjines^—Reidler Engine— Ver- 
tjcaJ Compound Pumping Kngines— Compound Beam Puuj>ing l!.ngine!»— Shonlieyder's 
r — Cornish ~ ~ ' 



Patent Rrgulator— Cornish Beam Engines^Worthington High-duty Pumping Engine- 
Davy's Patent Diffrrcntial Pumping Engine — Tonl"""*** »«»-"• i>..«.«^— «•«--;»- — ^t u.- 

r.oilcr— Babcock and Wilcoa Water-tube Boilers.' 
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Pumps. — Pumps, Historically, Theoretically, and 

Practically Considered, By P. It BjoRLiifO. With 156 UbutraHofu. 
Crown Svo, cloth, 7x. 6</. 

Quantities. — A Complete Set of Contract Documents 

for a Country Lodge^ comprising Drawings, Specifications, Dimensions 
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con- 
tract, with Notes by J. Leaning, printed in facsimile of the original 
documents, on single sheets fcap., in linen case, 5/. 

Quantity Surveying. — Quantity Surviving. By 

J. Leaning. With 68 illustrations. Third edition, revised, demy 8vo, 
doth, 15^. 

CONTENTS : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credito, with various Examples of Treatment. 
Abbreviations. 
Squarinfl the Dimensions. 
Abstracting, with Examples in illustration of 

eadi Trade. 
BiUing. 

Examples of Preambles to eadi Trade. 
Form for a Bill of Quantities. 

Do Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs* and Form of BilL 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Woik, with 

Examples and Remarics upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Latw Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Sutement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quanddes. 
Examples of Collecdons. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



Railway Curves. — Tables for Setting out Curves 

for Rathtfays^ Canals^ Roads, etc, varying from a radios of five chains 
to three miles. By A. Kennedy and R. W. Hackwood. Illustrated, 
32mo, cloth, 2s. 6d, 

Roads. — The Maintenance of Macadamised Roads. 

By T. Codrington, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, 8vo, cloth, *js, 6d. 

Scamping Tricks. — Scamping Tricks and Odd 

Knowledge occasionally practised upon Public Works, chronicled from the 
confessions of some old Practitioners. By John Newman, Assoc. M. 
Inst. C.E., author of * Earthwork Slips and Subsidences upon Public 
Works,* * Notes on Concrete,* &c Crown 8vo, cloth, 2j. 6d. 

Screw Cutting. — Turners' Handbook on Screw 

Cutting, Coning, etc, etc., with Tables, Examples, Gauges, and 
Formulae. By Walter Price. Fcap 8vo, cloth, is. 
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Screw Cutting. — Screw Cutting Tables for En- 

^neers and Machimsts^ gfiving the yalnes of the different trains of Wheds 
requited to produce Screws of any pitch, calculated by Lord Lindsay. 
Oblong, doth, 2j. 

Screw Cutting. — Screw Cutting' Tc^bles, for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any required pitch, with a Table for 
making the Universal Gas«pipe Threads and Taps. By W. A. Ma&tin, 
Engineer. Second edition, oblong, doth, I/. 

Sewerage. — Sewerage and Sewage Disposal. By 

Henry Robinson, Mem. Inst. C.E., F.G.S., Professor of Civil 
Engineering, King^s College, London, &c., with large folding plate. 
Demy 8vo, cloth, \2s, 6d, 

Slide Valve. — A Treatise on a Practical Method 

of Designing Slide- Vahfe Gears fy Sintble Geimutrical Construction^ based 
upon the prindples enundated in £ucfid*s Elements, and comprising the 
various forms of Plain Slide- Valve and Expansion Gearing ; together with 
Stephenson's, Gooch's, And Allan's link-Motions, as applic^l dther to 
reversing or to variable expansion combinations. By Edwau> J. COW- 
LING Wblch, Mem. Inst M.E. Crown 8vo, doth, 6/. 

Soap. — A Treatise on the Manufacture of Soap and 

Candles^ Lubricants and Glycerine. By W. Lant Carpenter, B.A., 
B.Sc. With illustrations^ new edition, revised, crown 8vo, 12s. 6d, 

Stair Building. — Practical Stair Building and 

HandraUing hy the Square Section and FalUt " " " 

Wood. Folding platesy post 4to, doth, lOf. 



Steam Boilers. — Steam Boilers^ their Manage- 
ment and Working on land and sea. By jAMte Peattie. With 
illustrationsy crown 8vo, doth, 5f. 

Steam Engine. — A Practiced Treatise on the 

steam Engine^ containing Plans and Arrangements of Details for Fixed 

Steam Engines, with Enays on the Prindples involved in Design and 

Construction. By Arthur Rio(?, Engineer, Member of the Society of 

Engineers and of the Royal Institution of Great Britain. Demy 4to, 

co^ousfy illustrated with woodcuts and 103 ptaUs^ in one Vdume. 

Second edition, doth, a^/. 

TUb wofk is no^ In smy icnse, an elementary treatise* or history of the stealn' en^^ but 

is mtoided to describe eacampleB of Fixed Steam Engines widioot enterinjB; tntome wide 

domain of locomotive or marine practice. To this end illustrations will be given of the most 

recent arrangements of Horlsontal, Verticd, Beam, Pumping, Winding, Portable Semi- 

MTtable, Coruss, Allen, Compound, and other nrnOar Engines, vf the most exulnent Firms in 

Great Britain and America. The laws relating to the action and precautions to be observed 

in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Coimecting- 

B 
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fods, CnM»4iMdi. M otion-blocki, Sooeatrics, Simple, EimuiaioB, Balanced, and EquOifadiim 
SUda-Talvas, and Valve^earinff will b« minutely dealt with. In this connection will be found 
aiticlec upon the Velocity of Redprocatang Parts and the If ode of Applying the Indicator, 
Heat and Szpanaion of Steam Govemon, and the like. It is the wrtter's desire to draw 
lustrations from every posrible source, and give only those rules that prasent practice deems 
collects 

Steam Engine. — The Steam Engine considered as 

a Thermodynamic Mcchine^ a treatise on the Thermodynamic efficiency 
of Steam Engines, illustrated by Tables, Diagrams, and Examples from 
Practice. By Jas. H. Cottbrill, M.A., F.R.S., Professor of Applied 
Mechanics in the Royal Naval College. Third edition, revised and 
enlarged, 8vo, doth, 15/. 

Steam Engine. — Steam Engine Management; a 

Treatise on the Working and Management of Steam Boilers. By F. 
CoLYSR, M. Inst C.E., Mem. Inst M.£, New edition, i8mo, doth. 

Steam Engine. — A Treatise on Modem Steam 

Engines and Boilers, indttding Land, Locomotive and Marine Engines 
and BoUers, for the use of Students. By Frbdbrick Colybr, M. Inst 
C.E., Mem. Inst M.E. HTUh jfiplaUs: 4to, doth, 12s, 6d. 

Sugar. — Tables for the Quantitative Estimation of 

the Sugars, with Explanatory Notes. By Dr. Ernest Wein ; translated, 
with additions, by William Frew, Ph.D. Crown 8vo, doth, ts. 

Sugar. — A Handbook for Planters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analvsis of Cane, Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c; 
B. £. R. Newlands, F.C.S., F.LC, Mem. Conndl Soc Chemical 
Industry ; and T. A. R. Newlands, F.C.S., F.LC. Upwards of 2x30 
illusiraHons and many plates, 8vo, doth, i/. \os. 

Surveying. — A Practical Treatise on the Science of 

Land and Engineering Surveying, Levelling^ Estimating Quantities, etc,^ 
with a general description of the several Instruments required for Sur- 
veying, Levdling, Plotting, etc By H. S. Mbrrbtt. Fourth edition, 
revised by G. W. UsiLL, Assoc Mem. Inst C.£. 41 plates, with illus- 
tratiom and tables, royal 8vo, doth, 12s, 6d. 

Surveying and Levelling. — Surveying and 

Levelling Instruments theoretically and practicalfy described, for construc- 
tion, qualities, sdection, preservation, adjustments, and uses, with other 
apparatus and appliances used by Civil Engineers and Surveyors. By 
W. F. Stanley. Second edition. 350 cuts, crown 8vo, doth, ^s. 6d, 
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Tables of Logarithms. — A B C Five-Figure 

Logarithms for general use. By C. J. Woodward, B.Sc Containiiis 
Mandssse of numbers to 10,00a Log. Sines, Tangents, Cotangents, and 
Cosines to 10" of Arc. Together with fiill explanations and simple 
exercises showing use of the tables. 4/. 

Tables of Squares. — Barlow's Tables of Squares, 

Cubes ^ Square Roots, Cube Roots, Reciproeais of all Jnt^er Numbers up to 
10,00a Post 8yo, cloth, 6x. 

Telephones, — Telephones, their Construction and 

Fitting, By P. C. Allsop. Fourth edition, revised. With 210 illustra- 
tions. Crown 8yo, doth, 5j. 

Tobacco Cultivation. — Tobacco Growing, Curing, 

and Manufacturing ; a Handbook for Planters in all parts of the world. 
Edited by C. G. Warnford Lock, F.L.S. With illustrations. Crown 
8vo, doth, 7/. dd. 

Tropical Agriculture.— TV^/w:^ Apiculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption of the 
principal Products of the Vegetable Kingdonu By P. L. SiMMONDS, 
F.L.S., F.R.C.I. New edition, revised and enlarged, 8to, doth, z\s. 

Turning. — The Practice of Hand Turning in Wood, 

Ivory, Shell, etc,, with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, lyory, etc. ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood engravings, crown 8yo, 
doth, 5x. 6d, 

Valve Gears. — Treatise on Valve- Gears, with 

spedal consideration of the Link-Motions of Locomotiye Engines. By 
Dr. GusTAV Zbunsr, Professor of Applied Mechanics at the Confede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. KuiiN, Lehigh Uniyersity, Bethlehem, Pa. 
Illustrated, 8yo, doth, 12s, 6d, 

Varnish. — The practical Polish and Varnish-Maker ; 

a Treatise containing 750 practical Receipts and Formulae for the Manu- 
figictnre of Polishes, Lacquers, Varnishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H. C. 
Standagb (Practical Chemist), author of 'The Artisfs Manual of 
Pigments.' Crown 8yo, doth, 6jr. 
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Corrosion .. 

Cotton Machineiy 

Dunming .. 

Details of Engines 

Displacement 

Distilling Apparatus 

Diving and Diving Bells 

Docks 

Drainage .. 

Drawbridge 

Dredging Machine 

Dvnamometer 

Electro-Metalliugy 

Engines, Varieties 

Engines, Agricultural 

Engines, Marine .. 

Engines, Screw .. 

Engines, Stationaiy 

Escapement 

Fan 

File<<ntting Machine 

Fire-arms •• •. 

Flax Machinery .. 

Float Water-wheels 

Forging 



Nos. 

34*nd35 

.. 35 

35 to 37 

37, 3f 

.. 38 

38 and 39 

., 39 and 40 

40 and 41 

.. 41 

.. 41 

41 to 43 

43>44 

44>45 

I and 2 

74,75 

89,90 

91,92 

45,46 

.. 46 

.. 46 

46,47 

47,48 

.. 48 

48 



Founding and Casting .. 48 to 50 
Friction, 50 ; Friction, Angle of 3 
Fuel, 50; Furnace .. 50, 51 

Fuze, 51 ; Gas 51 

Gearing 51, 52 

Gearing Belt .. .. 10, 11 

Geodesy 52 and 53 

Glass Machinery .. .. .. 53 

Gold, 53, 54; Governor.. .. 54 

Gravity, ^4 ; Grindstone .. 54 

Gnn-camage, 54; Gun Metal .. 54 
Guimery .. .. 54 to 56 

Gunpowder .. .. 56 

Gun Machinery .. .. 56,57 

Hand Tools .. .. 57,58 

Hanger, 58; Harbour .. ..58 

Haukge, 58, 59; Hinging .. 59 
Hydraulics and Hydraulic Ma- 
chinery .. .. .. 59 to 63 

Ice-making Machine .. ..63 

India-rubl^ 63 

Indicator 63 and 64 

Injector 64 

Iron 64 to 67 

lion Ship Building .. ..67 
Irrigation 67 and 68 



Nos. 

Isomorphism, 68 ; Joints .. 68 

Keels and Coal Shipping 68 and 69 
Kiln, 69 ; Knitting Machine •• 69 
Kyanising •• .. .. .. 69 

Lamp, Safety .. .. 69, 70 

Lead 70 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ..71 and 72 
Limes, Mortars, and Cements .. 72 
Locks and Lock Gates .. 72,73 
Locomotive .. .. .. 73 

Machine Tools .. 73^74 

Maiiganese .. .. 74 

Marine Engine .. 74 and 75 

Materials' (» Construction 75 and 76 
Measuring and Folding .. ..76 

Mechanical Movements . . 76, 77 
Mercury, 77 ; Metallurgy .. 77 

Meter .. .... 77, 78 

Metric System .. .. ..78 

Mills 78> 79 

Molecule, 79 ; Oblique Arch .. 79 
Ores, 79, 80 ; Ovens .. .. 80 

Over-shot Water-wheel .. 80, 81 

Paper Machinery 81 

Permanent Way .. .. 81, 82 
Piles and Pile-driving .. 82 and 83 

Pipes 83, 84 

Planimeter .. .. ..84 

Pumps 84 and 85 

Quarrying 85 

Railway Engineering .. 85 and 80 

Retaining Walls 86 

Rivers, &, 87 ; Riveted Joint .. 87 

Roads 87, 88 

Roofs 88, 89 

Rope-making Machinery .. 89 

Scaffolding 89 

Screw Engines •. 89, 90 
Signals, 90; Silver .. 90, 91 
Stationary Engine .. 91, 92 
Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill .. 92, 93 
Surveying and Surveying Instru- 
ments 93, 94 

Telegraphy .. .. 94,95 
Testing, 95 ; Turbine .. - 9$ 

Ventilation .. 95, 96, 97 

Waterworks .. .. 96, 97 
Wood-working Machinery 96, 97 
Zinc 96,97 
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8P0N8' DICTIONARY OF ENGINEERING. 

Editbd by ERNEST SPON, Assoc. Msm. Inst. C.E. 



Abacus, Coonten, Speed 

Indicators, and SUde 

Rule. 
Agricultural Implements 

and Machinery. 
Air Compressors. 
Animal Charcoal Ma< 

chinery. 
Antimony. 

Axles and Azle-boses. 
Bam Machinery, 
Belts and Belting. 
Blasting. Boilen. 
Brakes. 

Brick Machinery. 
Bridges. 

Cages for Mines. j 

Calcnlns, Differential and 

Integnd. 
Canals. 
Carpentry. 
CastlroiL 
Cement, Concrete, 

Limes, and Mortar. 
Chinmey Shafts. 
Coal Cleansing and 

Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
tical details,Tqlephones 

Engines, Varieties oC 

Explosiyes. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, ManufiEicture of. 

Hammers, Steam and 
other Power. 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

lifts, Hoists, and Eleva- 
tors. 



lighthouses. Buoys, and 



Machine Tooli. 
Materials of Construe* 

tion. 
Meters. 
Ores, Machinery and 

Processes employed^to 

Dress. 
Piers. 

Pile Driving. 
Pneumatic Thmsmis- 

sion. 
Pumps. 
Pyrometers. 
Road Locomotives. 
Rock Drills. 
Rolling Stock. 
Sanitary Engineering. 
Shafting. 
Steel 

Steam Navvy. 
Stone Machinery. 
Tramways. 
Wdl Sinking. 
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In demy 4(0, handsomely bouid in doth, iibuiraied vnU MO Juil page fUtei^ 

Price 15^. 



ARCHITECTURAL EXAMPLES 

IN BRIOK, STOME, WOOD, AND IRON. 

AIOOMPUCTS WORE ON THE DETAILS ANB ABRANaEHENT 
OF BUILDINa CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing no Plates, with numerous Drawings selected finom the AvcUjt^ctase 
of Former and Present Times. 

The DeUdls and Designs are Drawn to Scale^ ^\ |", )", and FUU sige 
being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Woric, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decora^on, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chinmey Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads :— Workmen's Cottages and Dwellings, Cottage Red* 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Woric, with 
Explanatory Notes and Dimensions of the various parts. 



specimen Pages ^ reduced from the arigtMois, 
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WM marfy 1500 iUuttratiotu, in taper-royal 8to, in 5 Divisioiit, doth. 
Diviaons I to 4, 13/. 6d. each ; Diviiimi 5, 1"]$. 6d.;oii toIs^ doth, £% i<m. 

SPONS' ENCYCLOPEDIA 



INDUSTRIAL ARTS. MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following ^— 



Adds, 907 pp. aso figs. 

Alcohol, 33 pp. 16 figs. 

Alcoholic laqaofi, 13 pp. 

Alkalies, 89 pp. 78 figs. 

AlloTS. AlmiL 

Asphalt 

Beverages, 89 pp. 29 

Bbicks. 

Bleaching Powder, 15 




CeUuloid, 9 pp. 
CeoQients. Clay. 
Coal-tar Products, 44 pp. 

^'^^ 
Cocoa, 8pp. 

Coffee, 32 pp. II figs. 

Coik, 8 pp. 17 figs. 

Cotton Mannf 

_PP-57fig». 

H^P* 38 PP- ^ ,. 

Djeing and Cohco 
Printing, a8 pp. 9 figs. 
Dyestii&, 16 pp. 
Electro-Metallurgy, 13 



»losiTes, 22 pp. 33 figs. 
Feathers. 
Fibrons Snbstsnces, 92 

pp. 70 figs. 
Floorcloth, 16 pp. 21 

Food PreserYStion, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass. 45 pp. 77 figs. 

Graphite, 7 pp. 

Hsir, 7 pp. 

Hair Manufiutnres. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

iTOry. 

Jute Manufactures, 11 
pp., II hp. 

Knitted Fabrics -^ 
Hosiery, 15 pp. 13 figs. 

L*c«. '3 PP' 9 ng»« 

Leather, 28 pp. 31 figs. 

linen Manuuictures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 2% figs. 

Paraffin, 8 pp. figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. so 

figs. 
Pigments, 9 pp. 6 fi^. 
Pottery, 40 pp. 57 ^s. 
Printing ana £i^ra?ing, 

20 pp. 8 figs. 
Ras;s. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, II pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycenne, 39 

^?P-45fig»- 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, IS ^' 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp 
WooUen 1 

58 pp. 39 figs. 
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SECOND EDITION, 

Crown 8vo, doth, with Ulustrations, 6s. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 



Alloys 

Bleaching 

Bookbinding 

Bronzing 

Candle-making 

Cements and Lutes 

Cleansing 

Crayons 

Dra>vings 

Dyeing 

Electro-plating 

Engraving 

Etching 

Explosives 

Fireworks 

Fluxes 

Fulminates 

Glass 



SYNOPSIS OF CONTENTS. 

Graining 

Gunpowder 

Iron & Steel Tem- 



pering 

Lathing and Plas- 
tering 

Marble Working 

Painting 

Paper 

Paper-hanging 

Papier-MAch6 

Pavements 

Photography 

Plating 

Polishing 

Pottery 

Recovering ^Vaste 
Metal 
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Crofwn 8to, doth, 485 pages, with iUnstrations, y. 

WORKSHOP RECEIPTS, 

SECOND SERIES. 

Synopsis of Contents* 



Acidimetiy and AJkali- 

metiy. 
Albumen. 
Alcohol. 
Alkaloidi. 
Baking-powden. 
Bitten. 
Bleaching. 
Boiler Incnuttations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copyiiy. 



Disinliectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extract. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Tsinglass. 

iTory subftitute^ 

Leather. 

Luminous bodies* 

Magnesia. 

Matches. 

Paper. 

Parchment 

Perchloric add. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting: embradng the prepnajtkm ci 
Pigments^ induding alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, csmilftnm, Egyptian, 
manganate, Paris, P^Ugot, Prussian, smalt, ultnunarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, co\)alt, Douglas, emerald, manganese, mitis, mountain, Prussian^ 
sap, Schede^, Schwemfiutii, titanium, verdigris, zinc), reds (Brazilwood iake^ 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, coloo- 
thar, Indian red, madder lake, red chalk, red leaa, vermilion), whites (alun^ 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French. 
Gennan, Kremnits, and Pattinson processes, precautions in maldiig, ain 
composition of commerdal samples — whiting, Wilkinson's white, zinc white), 
ydlows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Atti 
(vehides, testing oils, miers, grinding, storing, applying, priming, dr^ong, 
filling, coats, brushes, sm:£ue, watei^colours, removmg snidi, disoMOfatiOB; 
miscellaneous paints—cement paint for carton-pierre, copper paint, gold painty 
iron paint, lime paints, silicated paints, steatite paint, transpuent pBanli% 
tungsten paints, window paint, zinc paints) ; FaiMting (general instructions^ 
|90portions of ii^gredients, measuring paint work ; carriage painting^-prismng 
paint, best putty, finishing colour, cause of cracking, mixme the paints, oils, 
driers, and colours, vamiming, importance of washing vehicles, re-vanBahito& 
how to diy paint ; woodwork painting). 
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Crawn SvOk doth, 480 ftgea, with 183 iUustrttioai, 5/. 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



Uniftmn with the Vint and Second Seriea. 



Stmopsis or Cohtemts. 



AUoys. 


Iridium. 


RufaldtQBL 


Aliimiiiium. 


Iron and Steel. 


Ruthenium. 


Antimony. 


Lacquenand Lacquering. 


Selenium. 


Barium. 


Tjinf}i^t)^in, 


SUver. 


Beiylliom. 


Lead. 


Slag. 


Bismuth. 


Lithium. 


Sodium. 


Cadmnun. 


Lubricants. 


stioutmm. 


Ccsiam. 


Magnesium. 


Tantalum. 


Caldum. 


Manganese. 


TertMum. 


Cerium. 


Mercuxy* 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt 


Molybdenum 


Tin. 


Copper. 


Nickel 


Titanium. 


Didymium. 


Niobium. 


Tungsten. 


Enameb and Glacei. 


Osmium. 


Uranium. 


Erbium. 


Palladium. 


Vaaadiim. 


GalUum. 


Platinum. 


Yttrium. 


GUm. 


Potassium. 


Zinc 


Gold. 


Rhodium. 


Zirconium. 


Indium* 







iTArMKr.— Alarms, BeDs, Batteries. Carbons, Coils, Dynamos, Micro- 
phones, Measuring, Phonographs, Telephones, &c, 130 pp., 112 mustraihm. 



30 CATALOGUE OF SCIENTIFIC BOOKS 

WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 

NO ninfteitioiii, with Ctomplote Index, and a G«ii«na Indaz to tiM 
Four BeriM, 6f . 



Waterproofing — rubber goods, cuprammoninm procesies, misoellaneoiu 

prepaimtions. 
Pacldng and Storing articles of delicate odonr or colour, ox a deliquescent 

character, liable to ignition, apt to suffer from insects or damp, or easily 

broken. 
Bmbalming and Preserving anatomical specimens. 
Leather Polishes; 
Cooling Air and Water, producing low temperatures, makine ice, cooling 

syrups and solutions, ana separating salts from liquors by re&igeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-oveoa, and other appliances for drying natural 

and artificial products. 
Distilling— water, tinctures, extracts, pharmaceutical preparations, essences, 

peHumes, and alcoholic liquids. 

Bmulsifying as required by pharmacists and photographers. 

Bvaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering— water, and solutions of various kinds. 

Percolating and Macerating. 

Blectrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — ^the preservation, tuning, and repair of pianos, 
harmoniums, musical boxes, etc. 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — ^recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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Crown 8vo, doth, with 373 illustrations, price ^ 

WORKSHOP RECEIPTS. 

FIFTH SERIES. 



Containing many new Articles, as well as additions to Articles included in 
the previous Series, as follows, viz. : — 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lucida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
. Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drillings Cut- 
ting, Brei^ing, Etching, Frosting, 
Powdering, &c. 



Glass Manipulations for Laboratoiy 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding 

Enamels for Iron and other Metals, 

Gold Beating, Smiths' Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing. 



grTST 



ja CATALOGUE OF SCIENTIFIC. BOOKS. 

In demy Svo, doth, 600 ptget and 1420 Qlastrations, 6a. 
rOUBTH KDITION. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

CONTSNTS. 

Mechanical Drawing^<Iasting and Founding in Iron, Brass, Bronze, 
$md other Alloys — Forging and Finishing Iron — Sheetmetal Workjiitg 
-—Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (ileith Diagrams) of 1 16 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering -T- Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors^ and 
Fittings — Gilding, dead and bright, on various grounds — ^Polishing 
Marble, Metals, and Wood — Varnishing— Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals— Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete— Roofing with Thatch, Tiles, Slates, Felt, Zinc, &g.— 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging— Gas-fitting— BeU-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges— Hedges, Ditches, and Drains— Water 
Supply and Sanitation— Hints on House Construction suited to neir 
countries. 

B. ft F. N. SPON, Ltd., 126 Strand, London. 
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RETURN TO the circulation desk of any 
University of California Library 

or to the 

NORTHERN REGIONAL LIBRARY FACILITY 
BIdg. 400, Richmond Field Station 
University of California 

Ijhmond, CA 94804-4698 
L BOOKS MAY BE RECALLED AFTER 7 DAYS 
» 2*month loans may be renewed by calling 
(510)642'6753 
• t-year loans may be recfiarged by bnnging 
books to NRLF 
• Renewals and recharges may be made 
4 days prior to due date 
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